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INTRODUCTION. 


has  been  so  recently  introduced  among  the  subjects 
systematically  taught  in  Colleges  and  Universities,  that  the  system 
of  teaching  it  is  only  now  beginning  to  assume  a  definite  shape  ; 
and  as  yet  there  is  no  well- arranged  text-book  such  as  those  which 
furnish  great  help  in  the  teaching  of  the  older  and  more  thoroughly 
systematized  subjects. 

It  is  hoped  that  this  Syllabus  will  in  some  measure  bridge  over 
the  difficulty  by  enabling  the  students  of  Owens  College  to  form 
some  idea  of  the  range  and  nature  of  the  work  which  lies  before 
them,  as  well  as  by  assisting  them  in  arranging  their  notes  and 
saving  their  time  in  the  Classes.  The  examples  are  inserted  in 
juxtaposition  to  the  subjects  to  which  they  primarily  relate,  so  that 
the  students  may  obtain  from  them  a  clue  to  the  particular  object 
of  each  part  of  the  course. 

The  Course  of  Instruction  in  Engineering  is  given  in  Jive  Classes, 
called  generally : — 

1.  The  First  Year's  Engineering  Class. 

2.  The  Second  Year's  Class. 

3.  The  Third  Year's  Class. 

4.  The  Geometrical  and  Mechanical  Drawing  Class. 

5.  The  Practical  Surveying  Class. 
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And  in  addition  to  the  Lectures  on  Geometrical  Drawing,  the 
students  have  a  Course  of  Practical  Instruction  in  Drawing,  com- 
prising : — 

1.  The  drawing  of  parts  of  machines  from  given  dimensions. 

2.  The  making  of  maps  and  sections  of  tracts  of  country  from 

surveyors'  note-books. 

3.  The  use  of  Geometrical  Drawing  in  arranging  and  designing 

the  parts  of  machines,  and   how   to  work   out  various 
mechanical  problems  by  the  Graphic  Method. 

4.  The  taking  out  of  quantities,  and  the  forming  estimates 

from  drawings. 

5.  The  designing  of  bridges,  machines,  and  engineering  struc- 

tures generally. 

6.  The  intersection  of  surfaces,   and    the  representation   of 

objects  in  skew  projection  and  perspective. 

An  additional  Course  of  Lectures,  treating  more  fully  of  the 
elementary  part  of  Practical  Geometry,  is  given  by  Mr.  Millar. 

The  instruction  in  Practical  Surveying  comprises  : — 

1.  The  surveying  of  a  tract  of  country  with  the  chain  only, 

and  the  method  of  keeping  the  note-book. 

2.  The  use  of  the  level-instrument. 

3.  The  surveying  by  angular  measurements,  and  the  use  of  the 

theodolite. 

4.  The  ranging  of  curves,  and  the  setting  out  of  works  on  the 

ground  from  designs  on  the  map. 


INTRODUCTION.  Vll 

The  subjects  treated  of  in  the  Lectures  to  the  various  Classes  are 
indicated  in  the  following  Syllabus,  in  which  the  course  described  is 
nearly  the  same  as  that  which  has  been  followed  during  the  Session 
1874-75,  and  which  has  been  adopted  after  seven  years'  experience 
of  the  requirements  and  ability  of  the  Students.  It  is  not,  how- 
ever, intended  either  that  the  course  of  instruction  shall  be  limited 
to  that  set  down  in  the  Syllabus  or  that  all  the  subjects  here  set 
down  shall  necessarily  be  introduced  into  the  Lectures  should  further 
experience  show  the  desirability  of  alterations. 
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SYLLABUS  AND  EXERCISES. 


PRELIMINARY. 

1.  The  objects  and  methods  of  engineering,  and  the  necessity 
for  exact  information. 


MEASUREMENT. 

2.  Definition  of  measurement. 

3.  Standards  and  units. 

4.  The  operations  of  measurement. 

5.  The  accuracy  of  measurements. 

6.  The  nature  of  quantities  to  be  measured. 

Ex.  1.  What  is  the  standard  of  length  in  Great  Britain  ? 

2.  Describe  the  manner  in  which  errors  in  measurement  tend  to  accu- 
mulate, and  hence  the  necessity  for  preserving  a  standard. 

3.  Take  20  slips  of  paper ;  make  two  marks  on  the  edge  of  one  of  them, 
and  from  these  mark  off  the  same  distance  on  the  edge  of  another,  and 
from  these  on  another,  and  so  on  through  the  20  slips  ;  and  then  compare 
the  first  with  the  last. 

The  Measurement  of  Distances. 

7.  The  methods  of  measuring  long  distances,  such  as  are 
necessary  for  land-surveying,  and  the  accuracy  with  which 
these  measurements  can  be  made. 
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8.  The  methods  of  measuring  short  distances  on  maps  and 
drawings,  and  their  relative  accuracy. 

9.  The  methods  of  measuring  the  dimensions    of   objects 
generally. 

Ex.  4.  Describe  the  best  known  means  of  measuring  a  base-line  on  the 
ground. 

5.  What  is  the  greatest  accuracy  to  which  distances  can  be  measured 
under  the  following  circumstances — 

tOn  paper,  with  an  ordinary  scale  ? 
On  the  ground,  with  a  chain  ? 
On  the  ground,  with  the  greatest  care  ? 
On  solid  objects,  with  gauges  and  callipers? 
plain  how  it  is  that  there  is  always  a  disadvantage  in  measuring 
short  lines. 

7.  What  methods  are  adopted  to  check  measurements  so  as  to  insure 
accuracy  ? 


Areas  on  Flat  Surfaces. 

10.  The  areas  of  certain  geometrical  figures. 

11.  The  areas  of  irregular  polygons. 

12.  The  areas  included  between  irregular  curved  boundaries. 

13.  Simpson's  rule. 

14.  The  planimeter. 

Ex.  8.  Find  the  area  bounded  by  the  lines  AS,  BC,  AC\)j  Simpson's 
rule,    AB-GM)  feet. 


600 
500 
400 
300 
200 
100 


18 
14 
12 
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9.  The  three  sides  of  a  triangle  are  763,  472,  687  links  respectively. 
Calculate  the  area  in  acres,  roods,  and  perches. 

10.  If  the  foregoing  measurements  had  been  made  with  a  chain  4  inches 
too  long,  what  would  be  the  true  area  ? 

11.  State  and  describe  the  different  methods  by  which  the  area  of  an 
irregular  field  may  be  computed. 

12.  If  40  acres  are  represented  on  a  map  by  2*25  square  inches,  what 
will  be  the  scale  in  inches  to  a  mile  ? 

13.  If  the  map  of  a  field  plotted  to  the  scale  of  6  inches  to  a  mile  has 
an  area  of  3-375  square  miles,  what  will  be  the  area  of  the  field  in  acres, 
roods,  &c.  ? 

Areas  of  Curved  Surfaces. 

15.  The  cylinder,  the  sphere,  and  the  cone. 

16.  Irregular  surfaces,  such  as  ships'  sides,  mouldings,  and 
pipes. 

17.  The  formation  of  estimates  which  depend  on  the  mea- 
surement of  areas. 

Ex.  14.  What  is  the  area  of  a  right  frustum  of  a  cone  the  base  of  which 
is  1  inch  in  diameter,  and  the  top  £  inch,  and  the  altitude  |  inch  ? 

15.  What  is  the  area  of  each  portion  of  a  sphere  of  1  inch  diameter  cut 
off  by  a  plane  which  passes  within  £  inch  of  the  centre  ? 

16.  What  would  be  the  cost  of  pointing  a  semicircular  arch  of  20-feet 
span,  if  its  length  was  12  feet  and  the  cost  of  the  work  2d.  per  square 
foot? 

17.  What  would  be  the  weight  of  a  cylindrical  boiler,  with  hemi- 
spherical ends,  3  feet  in  diameter  and  18  feet  long,  if  the  plates  were 
f  inch  thick  and  the  iron  of  which  it  was  composed  weighed  480  Ibs.  per 
cubic  foot  ? 

Volumes. 

18.  The  volume  of  certain  regular  geometrical  solids. 

19.  The  volume  of  polyhedral  solids. 

20.  The  prismoidal  formula. 

21.  The  volume   of    solids   bounded    by   irregular    curved 
surfaces,  such  as  the  displacement  of  ships  and  the  contents 
of  pipes  and  reservoirs. 
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22.  The  representation  of  volumes  by  areas,  and  the  appli- 
cation of  Simpson's  rule. 

23.  The  formation  of  estimates  which  depend  on  volumes. 

Ex.  18.  What  will  be  the  weight  of  an  iron  ring  made  of  round  iron  1 
inch  in  diameter,  if  its  mean  diameter  is  6  inches  ? 

19.  How  many  cubic  feet  of  water  will  it  take  to  fill  a  pipe  \  mile  long 
and  9  inches  in  diameter  ? 

20.  How  many  cubic  feet  of  water  will  it  take  to  till  a  cylindrical  boiler, 
with  hemispherical  ends,  3  feet  in  diameter  and  20  feet  long? 

21.  What  is  the  volume  of  a  vertical  pyramid  3  inches  high  on  a 
regular  hexagonal  base  having  a  side  of  1  inch  ? 

22.  Calculate  the  volume  of  a  railway-cutting,  the  surface  being  level 
across  and  the  breadth  at  the  bottom  27  feet,  if  the  depth  of  the  cutting 
at  the  successive  chain-  (100  feet)  pegs  was  as  follows :— 0,  7, 12, 13, 11, 
8,  3,  0. 

Angles. 

24.  The  angles  between  lines  on  a  drawing.    The  protractor. 

25.  Angles  between  distant  objects.    The  sextant. 

26.  Azimuthal  angles  and  altitudes.    The  compass. 

27.  The  theodolite. 

Ex.  23.  Describe  the  prismatic  compass. 

24:  Explain  the  principle  of  the  sextant  geometrically. 

25.  What  is  the  object  of  tha  theodolite  ? 

26.  Name  all  the  adjustments  to  be  made  in  the  theodolite,  and  point 
out  the  difference  in  the  Y-  and  transit-instruments. 

27.  Make  a  sketch  of  a  theodolite,  and  name  all  the  parts. 

28.  Describe  the  method  of   reading    an    angle  (ABC)   with  the 
theodolite. 

29.  Why  are  two  verniers  always  used  ? 

30.  Explain  the  principle  of  the  vernier  by  a  sketch. 

31.  How  can  you  ascertain  whether  the  horizontal  axis  of  a  theodolite 
is  in  adjustment  ? 

32.  If  a  line  has  been  set  out  on  a  level  plane  by  poles  at  equal  distances 
apart,  and  instead  of  being  straight  is  an  arc  of  a  circle,  what  part 
of  the  theodolite  used  in  setting  it  out  would  need  adjustment  ? 

33.  Show  that  in  measuring  angles  with  the  theodolite  it  is  essential 
that  the  line  of  collimation  should  move  in  a  vertical  plane  when  the 
telescope  is  turned  about  the  horizontal  axis.     Describe  the  means 
provided    in  the  instrument  for  securing   this  object,  and   the  tests 
which  you  would  apply  in  order  to  find  if  it  was  in  adjustment  in  this 
respect. 
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LAND-SURVEYING. 

28.  The  objects  of  land-surveying. 

29.  The  methods  of  determining  the  position  of  a  point  with 
reference  to  other  points. 

30.  The  principal  stations,  and  the  detail. 

Ex.  34.  What  are  the  principal  objects  for  which  surveys  are  made  ? 

35.  Under  what  circumstances  can  the  position  of  a  point  with  reference 
to  two  other  points  be  said  to  be  known  ? 

36.  Why  will  not  the  methods  used  for  determining  the  horizontal 
positions  of  points  answer  for  determining  their  elevations  ? 

37.  State  the  reason  why  different  methods  are  used  for  surveying 
principal  stations  and  detail. 


Chain  Surveying. 

31.  Surveying  the  principal  stations  by  the  method  of  tri- 
angles.   Checking  the  work. 

32.  Lines  respectively  necessary  to  plot,  to  check,  and  trace 
an  error. 

33.  Method  of  distances  and  offsets,  as  used  for  detail. 

34.  Gaps  in  a  station-line : — 

a.  Obstacle  which  can  be  seen  over  and  chained  round, 

but  not  chained  across. 

b.  Obstacle  which  can  neither  be  seen  over  nor  chained 

across,  but  chained  round. 

c.  Obstacle  which  can  be  seen  over  but  neither  chained 

round  nor  across. 

35.  Method  of  keeping  the  field-book,  of  marking  the  offsets, 
of  distinguishing  principal  stations,  and  of  marking  the  direc- 
tions of  the  lines. 
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36.  The  field-operations :   chaining  a  line  and  marking  the 
stations. 

Ex.  38.  Of  what  nature  are  the  quantities  that  have  to  be  measured  in 
land-surveying  ? 

39.  How  is  the  position  of  a  point  or  station  with  reference  to  other 
points  determined  with  the  chain  only  ? 

40.  What  are  meant  by  principal  stations  ?    How  do  they  differ  from 
other  stations  ? 

41.  When  would  you  consider  a  triangle  "  ill-conditioned "  ?   and 
why? 

42.  Describe  methods  of  setting  out  a  perpendicular  and  ranging  a 
parallel  to  a  given  line  with  the  chain  alone. 

43.  Find  the  area  of  the  field  ABCDEFG  from  the  following  notes 
(the  measurements  are  in  feet) :— 


531 

E 

.F46 

420 

55  D 

£73 

234 

116 

83  C 

80 

34  B 

A 

00 

44.  If  in  chaining  a  line  you  meet  with  an  obstacle  which  could  be 
seen  over  but  neither  chained  across  nor  chained  round,  such  as  a  wide 
river,  how  would  you  continue  the  line  (1)  with  the  chain  only,  (2)  sup- 
posing you  were  provided  with  an  instrument  for  measuring  angles  ? 

45.  How  would  you  prolong  a  chain-line  beyond  an  obstacle  which 
could  not  be  seen  over,  by  means  of  the  chain  alone,  without  using  rect- 
angular offsets  ? 

46.  Give  a  short  description  of  how  you  would  keep  a  field-book  for 
chain  surveying,  giving  reasons  for  all  the  notes^ou  would  think  it  neces- 
sary to  make. 

47.  If  in  chaining  a  line  (4)  at  455  you  came  across  another  line  (1)  at 
a  point  which  was  not  a  station,  how  should  you  note  it  in  your  book  ? 

What  provision  should  you  make  in  setting  out  line  (1)  if  you  knew 
that  line  (4)  would  cross  it,  but  did  not  know  exactly  where  ? 

48.  A,  B,  C,  D,  E  are  five  stations,  no  three  of  wnich  are  in  the  same 
straight  line.     What  lines  must  be  measured — 

(1)  To  give  the  positions  of  these  points? 

(2)  To  check  the  work  ? 

(3)  To  find  in  which  line  an  error  may  have  been  made  ? 

49.  A,  By  C,  D,  E,  F,  G,  H  are  stations  between  which  the  distances 
AS,  AC,  BC,  CD,  BD,  CE,  DE,  DF,  EF,  EG,  FG,  FH,  GH  are 
known.     Make  a  figure;  and  state  what  other  measurements  will  be 
necessary  (a)  to  plot,  (b)  to  check,  (c)  to  trace  an  error. 
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Plotting. 

37.  The  accuracy  of  plotting. 

38.  The  choice  of  a  scale  both  for  checking  the  work  and  for 
maps. 


Surveying  for  Areas. 

39.  The  methods  of  measuring  areas  without  plotting,  and 
their  advantages. 

40.  Methods  of  checking  the  work  without  plotting. 

Ex.  50.  Calculate  the  area  from  the  accompanying  field-book,  the  mea- 
surements being  in  feet. 


Line  3 

300 

¥ 

350 

0 

L 

Line  2 

250 

¥ 

100 

0 

L 

400 

Q¥ 

300 

10 

200 

20 

Linel 

100 

10 

300 

0 

0 

51.  Describe  Simpson's  rule. 

52.  State  the  area  of  a  triangle  in  terms  of  the  sides. 

63.  Apply  Simpson's  rule  to  calculate  the  area  of  a  strip  across  which 
the  following  ten  measurements  have  been  taken  at  intervals  of 
1  chain :— 0,  10,  17,  23,  32, 18,  28,  33, 19,  12. 

54.  If  ASCia  a  triangle  of  which  the  sides  have  been  measured,  as  well 
as  a  line  from  C  to  the  point  D  in  AS,  find  if  the  various  measurements 
are  correct :— ^LB=1247,  J9CT=1685,  ^C=943,  ^D=682,  CZ>=1304. 
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Levelling. 

41.  The  distinction  between  level  and  horizontal. 

42.  The  effect  of  the  curvature  of  the  earth. 

43.  Levelling  with  the  barometer.    Levelling  by  sights. 

44.  The  effect  of  the  refraction  of  the  atmosphere. 

45.  The  methods  of  eliminating  the  effects  of  curvature  and 
refraction. 

46.  The  limits  to  the  distance  over  which  a  sight  can  be 
taken. 

47.  The  method  of  levelling  between  two  distant  stations. 

48.  Back  sights  and  fore  sights. 

49.  Intermediate  sights. 

50.  The  field-book. 

51.  Check  levelling. 

52.  Levelling  for  a  section. 

53.  Surface-levelling. 

54.  The  determination  of  ridge-lines,  valley-lines,  contour- 
lines,  lines  of  uniform  declivity. 

55.  The  section. 

56.  The  exaggeration  of  the  scale. 

57.  The  information  to  be  written  on  the  section. 

Ex.  55.  Define  a  level  surface. 

How  would  you  proceed  to  show  practically  that  a  surface  of  still  water 
(such  as  a  lake  or  a  long  straight  reach  of  a  canal)  is  not  a  plane  ? 
56.  What  is  meant  by  the  difference  of  level  of  two  stations  ? 
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57.  What  are  meant  by  the  errors  of  curvature  and  refraction  ?    How 
can  these  be  avoided  ? 

58.  Explain  clearly  the  meaning  of  the  following  terms : — "  Datum 
line."    "  Exaggeration  of  the  scale."   "  Correction  for  curvature."  "  Cor- 
rection for  refraction." 

59.  What  limits  the  length  of  the  sights  taken  in  levelling  ? 

60.  Explain  the  use  of  back  and  fore  sights. 

When  the  level  is  set  up  at  a  station  A  and  the  staff  held  on  a  pe»  at 
JB,  the  reading  is  5 '50  ;  when  the  staff'  is  held  on  a  peg  at  C,  the  reading 
is  1370  :  what  will  be  the  relative  level  after  making  allowance  for  the 
curvature  of  the  earth  and  refraction,  the  joint  correction  for  curvature 
and  refraction  being  -56  (distance  in  statute  miles)'2  ? 

AB= 1400  feet. 

A  C- 700  feet. 

How  might  this  error  have  been  eliminated  ? 

61.  A  level  staff  is  held  on  the  eight  successive  stations  a,  b,  c,  d,  e,f,  g,  h, 
and  the  level  is  set  upon  the  four  stations  K^  L,M,N;  the  sight  taken  from 
K  to  a  is  12-22,  from  K  to  b  is  0-80,  from  L  to  6  is  11-34,  from  L  to  c  is 
2-10,  from  L  to  d  is  6-20,  from  L  to  e  is  1-52,  from  M  to  e  8-54,  from  M 
to/ 3-70,  from  M  to  g  6-29,  from  N  to  g  is  2-37,  from  N  to  h  is  13-92. 
Make  up  a  level-book  and  reduce  these  levels. 

62.  Reduce  the  accompanying  levels,  and  explain  why  the  levels  have 
been  taken  in  such  order.    Plot  the  sections. 


Back 

Sight. 

Inter 

Sight. 

Fore 
Sight. 

Section. 

Dis- 
tance. 

7-20 

B.M. 

5-75 

1 

211 

5-25 

1 

35 

5-70 

1 

48^ 

5-32 

2 

15 

4-85 

2 

28i 

5-35 

2 

42 

4-95 

3 

9£ 

4-45 

3 

22 

4-98 

3 

35i 

4-98 

3 

38i 

13-5 

1-29 

11-66 

3 

0 

11-99 

3 

3 

6-03 

2 

0 

6-23 

2 

3 

8-86 

2 

51i 

9-11 

2 

54i 

•26 

1 

0 

•46 

1 

3 

5-41 

1 

62 

5-60 

1 

65 
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63.  What  is  the  use  of  bench-marks  in  levelling-operations  ? 

64.  What  do  the  numbers  in  the  column  of  "  reduced  levels  "  in  your 
field-book  represent  ? 

65.  The  following  numbers  are  the  readings  taken  on  a  levelling-staff. 
The  level  was  only  moved  between  the  third  and  fourth  reading.    Rule 
a  field-book,  enter  these  numbers,  and  taking  the  reduced  level  of  the  first 
point  as  15-95,  find  the  reduced  levels  of  the  others.    Also  show  that  your 
work  is  correct. 

5-95 

3-10 
1275 

1-78 

8-53 

7-82 
10-21 

66.  Make  and  cast  up  a  level-book,  in  the  usual  manner,  from  the  fol- 
lowing data : — 

The  reading  on  the  first  sight  at  A  is  2-22. 

The  falls  for  the  next  four  sights  are  1-28,  3*40,  0-82,  4-20. 

The  last  of  these  is  taken  at  a  B.  M.  (B\  and  after  the  level  has  been 
moved  the  fresh  reading  on  B  is  12*45. 

The  rises  on  the  next  three  sights,  the  last  of  which  was  on  A,  are  3-40 
4-23,  2-07.  The  reduced  level  of  A  is  250-34. 


The  Level 

58.  Adjustment  of  the  vertical  axis. 

59.  Adjustment  of  the  line  of  collimation. 

60.  Temporary  adjustment  of  the  lenses.    Remarks  on  the 
use  of  the  level. 

Ex.  67.  Make  a  sketch  of  a  level,  and  state  the  use  of  the  different  parts. 

68.  What  is  meant  by  the  line  of  collimation  in  the  level  ? 

69.  Name  all  the  adjustments  to  be  made  in  the  level,  and  distinguish 
between  permanent  and  temporary  adjustments. 

70.  To  adjust  for  collimation,  three  stations,  A,  B.  and  (7,  are  taken  so 
that  AB=$C;  the  level  is  set  up  at  B,  and  the  reading  on  the  staff  at  A 
is  4-25,  and  on  the  staff  at  B  it  is  3-74  ;  when  the  level  is  put  close  to  A 
the  reading  on  A  is  476,  and  on  B  4-22;  state  what  adjustment  must  be 
made,  and  how  you  would  make  it. 

71.  How  can  two  points  at  the  same  level  be  found  with  a  level-instru- 
ment when  the  line  of  collimation  is  out  of  adjustment? 

72.  Explain  how  you  would  proceed  to  ascertain  if  a  level  was  in  ad- 
justment before  using  it. 

73.  Explain  the  nature  and  use  of  contour-lines  on  a  map,  and  describe 
the  method  of  conducting  a  contour  survey. 
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Surveying  by  Angular  Measurements. 

61.  Traversing. — To  determine  the  position  of  a  point  by 
one  distance  and  one  direction. 


Surveying  from  a  single  base-line. 

62.  Determining  the  position  of  a  point  by  two  directions. 

63.  Checking  the  angles  and  distances. 

64.  Prolonging  the  base  and  enlarging  the  triangles. 

65.  Finding  the  meridian  (a)  by  the  compass,  (b)  by  equal 
altitudes  of  a  star,  (c)  by  two  elongations  of  a  circumpolar  star. 

Ex.  74.  What  are  the  usual  limits  for  the  angles  between  the  principal 
survey-lines  ? 

75.  How  would  you  proceed  to  measure  the  horizontal  angle  contained 
by  the  directions  of  two  objects  A  and  JB  from  a  station  C  with  the 
theodolite  ? 

76.  If  the  reading  of  A  at  the  right-hand  vernier  is  297°  22'  30"  and 
at  the  left  117°  23'  0",  and  that  of  B  at  the  right-hand  vernier  is  10°  32'  30" 
and  at  the  left  190°  32'  0",  what  will  be  the  horizontal  angle  between 
the  lines  CA  and  C!5  ? 

77.  Show  how  to  measure  the  distance  between  two  points — 1st,  when 
they  are  separated  by  a  river ;  2nd,  when  they  are  separated  by  a  bay. 

78.  Explain  what  is  meant  by  traversing. 

Plotting  and  Protracting. 

66.  Plotting  by  rectangular  coordinates,  or  the  method  of 
northings,  southings,  eastings,  and  westings. 

67.  The  calculation  of  the  distance  from  a  second  station. 

68.  Plotting  with  the  protractor. 

69.  Plotting  by  calculating  the  lengths  of  the  sides  of  the 
triangles  from  the  known  angles. 

Ex.  79.  If  A3 =70-35  chains  and  bears  37°  west,  ^C=245  and  bears 
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22°  west,  and  CD=178  and  bears  80°  east,  find  the  position  of  D.    If  E 
is  100  chains  south  of  A,  calculate  the  distance  EB. 

80.  To  what  degree  of  accuracy  can  you  plot  with  a  'protractor  on  a 
scale  of  1  chain  to  an  inch  ? 

81.  Take  Aff =278573  chains  and  the  angles  ABC=30°  70',  BAC= 
70°  35',  #C#=84°  25',  C£E=72°  43',  ACD=5Q°  62*,  C4D=82°  12', 
and  find  by  calculation  the  distance  DE. 


Setting  Out. 

70.  Setting  out  lines  on  the  ground  from  the  plan. 

71.  Setting  out  the  centre  line  of  a  railway. 

72.  Setting  out  the  curves — 

(a)  With  the  chain ; 

(b)  With  the  theodolite. 

73.  Setting  out  levels. 

74.  The  use  of  sight-rails  and  the  boning-rod. 

Ex.  82.  Explain  how  to  set  out  curves  by  the  method  of  angles  at  the 
circumference. 

83.  If  B  is  the  point  on  the  tangent  BD  from  which  the  curve  springs, 
O  the  last  chain-peg  on  the  tangent,  P  the  first  on  the  curve ;  what  will 
be  the  magnitude  of  the  angle  DBP  if  OJ5='25  chain  and  the  radius  of 
the  curve =40  chains  ? 

84.  If  the  angle  between  two  tangents  to  a  curve  is  102°,  and  the 
chainage  such  that  the  point  of  intersection  of  the  tangents  would  be  2000 
and  the  radius  14  chains,  find  the  chainage  of  the  point  from  which  the 
curve  springs,  also  the  length  of  the  offsets  necessary  to  set  out  the  curve. 

85.  The  centre  lines  of  two  straight  portions  of  a  railway  intersect  at 
an  angle  of  120°,  and  a  curve  springing  from  a  point  560  feet  from  the 
intersection  joins  them ;  give  the  calculations  necessary  for  laying  out  the 
curve  (1)  by  the  method  of  offsets,  (2)  with  the  theodolite  by  angles  at 
the  circumference.     Pegs  are  supposed  to  be  driven  at  regular  distances  of 
100  feet,  the  first  peg  on  the  curve  being  42  feet  from  the  springing. 

86.  Describe    the  method  of  setting  out  half-breadths  on  sidelong 
ground. 

87.  If  BD  and  CD  are  the  directions  of  two  reaches  of  a  railway  which 
are  to  be  connected  by  a  curve  of  40  chains  radius,  the  angle  BDC=  120°, 
show  how  to  find  the  points  from  which  the  curve  springs,  and  explain 
how  to  set  out  the  curve  without  a  theodolite. 
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Earthwork. 

75.  Estimation  of  the  volume  of  earth  contained  in  a  bank  or 
removed  from  a  cutting — 

By  the  method  of  mean  areas  ; 
By  the  prismoidal  formula, 

76.  Tables  of  earthwork. 

Ex.  88.  Show  by  a  sketch  the  magnitude  of  the  errors  in  estimating  the 
volume  of  a  railway-cutting  by  the  prismoidal  formula  and  the  method 
of  mean  areas. 

89.  Give  the  prismoidal  formula ;  and  state  in  what  cases  the  method  ot 
mean  areas  is  to  be  used  in  preference. 

90.  In  a  railway-cutting  the  distance  between  two  sections  is  one  chain 
of  66  feet,  and  the  areas  of  three  successive  sections  are  200, 300, 400  square 
feet.    How  many  cubic  yards  will  be  included  between  the  first  and  last 
of  these? 

91.  Find  the  volume  of  one  chain  length  of  a  railway-cutting  by  the 
method  of  mean  areas  from  the  following  data : — Top  level  across  forma- 
tion width  25  feet,  slopes  2  to  1,  height  of  surface  above  formation  level 
at  the  ends  12  and  16  feet  respectively. 

92.  Find  from  ^MacneilPs  Tables,  and  also  from  bidder's  Table,  the 
quantity  of  material  in  a  cutting  from  the  following  data : — 

Length  =     66  feet. 

Base  =     24  feet. 

End  Heights  =     15  and  18  feet. 
Slopes,  If  to  1. 


Underground  Surveying. 

77.  The  plan  of  a  mine. 

78.  The  methods  of  connecting  the  survey  of  the  mine  with 
that  of  the  surface. 

79.  The  traversing  of  mines. 

80.  The  sections  of  mines. 

81.  The  use  of  the  clinometer. 
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82.  The  determination  of  sections  of  strata  from  trial  holes 
and  observations  in  shafts. 

•5. 

Ex.  93.  State  the  objection  to  using  the  compass  to  connect  the  direc- 
tions in  a  mine  with  the  surface. 

94.  In  mines  which  do  not  admit  of  horizontal  measurements  being 
made,  how  are  horizontal  and  vertical  distances  measured  ? 

95.  If  the  reduced  level  of  A  is  27'34,  and  AB  is  340  feet  long  and  in- 
clined at  13°  24',  find  the  elevation  of  B ;  also  if  BC  is  723  feet  long  and 
inclined  at  —12°,  find  the  elevation  of  C. 

96.  If  AB=74Q,  .£CY=560,  ^C=630,  and  the  level  of  a  stratum  of  rock 
at  ^=0,  .5=27-32,  and  C=  15-62,  find  the  magnitude  and  direction  of  the 
greatest  slope  of  the  rock. 


Nautical  Surveying. 

83.  Objects  of  nautical  surveying. 

84.  The  survey  of  objects  at  sea  by  angles  on  the  coast. 

85.  To  determine  the  position  of  a  vessel  at  sea  by  observa- 
tions on  a  known  coast  from  the  vessel — 

By  the  compass ; 

By  observations  on  three  objects. 

86.  Method  of  surveying  an  unknown  coast  without  going  on 
shore.    Methods  of  taking  soundings. 

Ex.  97.  Give  an  outline  of  the  way  in  which  stations  afloat  are  deter- 
mined and  plotted  when  surveying  for  harbour  works,  &c. 

98.  Explain  clearly  any  one  method  by  which  you  might  proceed  to 
make  soundings  so  that  the  points  where  such  soundings  were  taken  might 
be  afterwards  marked  on  a  map. 

99.  How  are  the  reduced  levels  of  the  points  obtained,  seeing  that  the 
depth  of  water  over  any  point  is  constantly  changing  with  the  state  of  the 
tide? 

100.  How  does  the  captain  of  a  ship  find  his  distance  from  a  known 
shore  on  which  he  can  distinguish  objects? 

Hydraulic  Surveyitig. 

87.  To  measure  the  capacity  of  a  lake  or  reservoir. 

88.  To  measure  the  discharge  of  a  stream. 
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89.  To  estimate  the  probable  quantity  of  water  which  may 
be  collected  from  a  given  gathering-ground  (a)  by  measuring 
the  discharge  of  the  streams,  (b)  rain-gauging.  To  estimate  the 
size  of  the  reservoirs  necessary  to  equalize  the  flow  from  a 
gathering-ground. 

Ex.  101.  What  are  the  methods  which  may  be  employed  for  determining 
the  quantity  of  water  discharged  by  a  stream  ?  Under  what  circumstances 
are  weir-gauges  applicable  ?  Point  out  the  relative  advantages  of  rec- 
tangular and  triangular  notches. 

Calculate  the  quantity  of  water  which  will  flow  in  an  hour  from  a  still 
pond  through  a  rectangular  notch  2  feet  wide,  the  surface  of  still  water 
being  8  inches  above  the  crest  of  the  notch. 

102.  What  is  the  rule  with  regard  to  the  placing  of  the  meters  in  order 
to  ascertain  the  mean  velocity  of  a  stream  by  means  of  stream-meters  ? 

103.  If  the  velocities  measured  by  4  meters  are  respectively  4-2,  1-9, 
2-4,  3-3  feet  per  second,  and  the  entire  area  of  the  section  is  80  square 
feet,  how  many  cubic  feet  will  it  discharge  per  minute? 

104.  Supposing  the  bed  of  a  river  to  have  an  inclination  of  1  in  2500 
and  the  section  of  the  water  to  be  semicircular  and  20  feet  in  diameter, 
what  will  be  the  velocity  of  the  water  if  the  friction  on  a  square  foot  of 
the  surface  =  300  x  v2,  where  v  is  the  velocity  of  the  water  ? 

105.  If  A  be  the  depth  of  the  water  in  a  triangular  notch,  and  the  dis- 
charge per  sec.  is  given  by 


when  c  the  coefficient  of  contraction  =  -595,  what  will  be  the  discharge  during 
12  hours,  if  during  the  first  nine  7i=2,  and  during  the  last  three  7*  =  1*5  P 

106.  A  weir-gauge  consisting  of  a  rectangular  notch  is  12  ft.  wide,  and 
the  water  behind  is  at  rest.     The  depth  of  water  from  the  bottom  of  the 
notch  to  the  surface  of  still  water,  measured  in  the  mornings  of  three  suc- 
cessive days,  is  1'25,  1-45,  and  1*10  respectively,  the  coefficient  of  con- 
traction is  -595,  and  the  formula  Q==8-025xf  XcX&Xfr'  ;  find  the  quan- 
tity discharged  in  the  three  days,  assuming  the  height  in  the  morning  to 
be  the  mean  through  the  day. 

107.  If  this  water  flows  into  another  reservoir  and  again  out  by  a  tri- 
angular notch,  the  vertical  angle  being  a  right  angle,  find  the  depth  in 
the  notch  on  the  three  mornings,  the  formula  for  this  notch  being  4'28x 
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SECOND  YEAR'S  ENGINEERING  CLASS. 
APPLIED  MECHANICS. 


SYLLABUS  AND  EXERCISES. 


PRELIMINARY. 

1.  General  description  of  some  structures  and  machines.  The 
lathe,  the  clock,  the  steam-engine,  certain  bridges  and  boilers. 

2.  General  description  of  the  objects  and  methods  of  applied 
mechanics. 

3.  Astronomical  methods— not  applicable  to  applied  mechanics. 

4.  Approximate  methods — sufficiently  accurate. 

5.  The  discovery  and  verification  of  laws  by  experiment. 

FORCE. 

6.  The  different  effects  of  force. 

7.  Our  fundamental  notions  of  force. 

8.  The  characteristics  of  force,  and  their  geometrical  repre- 
sentation. 

9.  The  polygon  of  forces. 

Ex.  1.  Give  some  account  of  our  conception  of  force. 

2.  What  are  the  means  by  which  we  recognize  force  ? 

3.  In  what  way  does  one  force  differ  from  another  ? 

4.  In  what  respects  are  lines  taken  to  represent  forces  ? 

5.  When  a  system  of  forces  acting  on  a  body  completely  balance  each 
other,  what  relation  exists  between  the  lines  by  which  these  forces  are 
represented  ? 
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Concrete  Forces. 

10.  Attraction  and  weight,  pressure  and  friction,  adhesion 
and  stress,  cohesion  and  viscosity. 

11.  The  magnitude,  direction  and  point  of  application  of  the 
equivalent  of  a  concrete  force. 

12.  Magnitude  of  a  concrete  force,  and  the  unit  of  force. 

13.  The  methods  of  measuring  weight,  pressure,  and  stress. 

14.  The  intensity  of  a  force,  density,  pressure,  stress,  and 
friction. 

15.  The  limit  of  intensity  of  pressure,  the  limit  of  stress,  and 
the  limit  of  friction. 

Ex.  6.  Name  the  forces  which  we  have  to  do  with  in  mechanics.  What 
are  the  characteristics  of  a  force  ?  and  what  do  we  mean  when  we  speak 
of  these  in  practice,  *.  e.  in  dealing  with  actual  forces  ? 

7.  Explain  the  advantage  that  would  accrue  if  we  could  adopt  ^  lb. 
for  our  unit  of  force. 

8.  Distinguish  between  a  force  and  the  intensity  of  a  force. 

9.  By  what  methods  can  we  ascertain  the  weight  of  a  body  or  struc- 
ture which  is  of  such  a  nature  that  it  cannot  be  weighed  ? 

10.  How  can  the  intensity  of  pressure  be  ascertained  (1)  between  two 
hard  surfaces,  (2)  between  a  fluid  and  a  hard  surface  ? 

11.  What  circumstances  limit  the  intensity  of  pressure  on  a  surface,  tho 
intensity  of  stress  in  a  body,  or  the  intensity  of  friction  between  two  sur- 
faces ? 


Centres  of  Force. 

16.  The  centre  of  gravity  and  centre  of  inertia. 

17.  The  centre  of  pressure. 

18.  The  centre  of  pressure  when  the  pressure  varies. 

Ex.  12.  What  is  meant  by  the  centre  of  pressure  ?  Show  how  to  find 
the  centre  of  pressure  on  a  triangle  over  which  the  intensity  of  pressure 
is  uniform. 
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13.  Show  how  you  would  find  the  C.G.  of  a  quadrilateral  piece  of  paper 
by  drawing. 

14.  If  a  locomotive  weighing  12  tons  were  suspended  from  a  point  A 
so  that  a  certain  point  of  the  locomotive  B  hung  10  feet  vertically  below 
A,  and  if  when  a  weight  of  1  cwt.  was  attached  to  a  point  on  the  same 
level  as  B  and  5  feet  from  it,  B  moved  3  inches  away  from  the  vertical 
line  through  A,  find  how  far  the  C.G.  of  the  locomotive  would  be  below  A. 

15.  If  the  pressure  on  a  plane  triangular  surface  ABC  varies  in  in- 
tensity from  1  at  A  to  3  along  BC,  and  varies  uniformly  so  that  the 
intensity  is  constant  along  any  line  parallel  to  BC,  what  will  be  the 
magnitude  or  mean  intensity  of  the  force  ?  and  where  will  be  the  centre 
of  pressure  ? 


The  direction  of  a  Force  and  resolution  of  Forces. 

19.  The  components  of  a  force. 

20.  The  effort  of  a  force. 

21.  The  turning  effort  or  moment  of  a  force. 

Ex.  16.  If  a  body  weighing  10  Ibs.  rests  on  a  plane  inclined  to  the  vertical 
at  00°,  what  pressure  will  it  exert  on  the  surface  ?  and  what  will  be  the 
friction  ? 

17.  What  will  be  the  tension  in  a  circular  hoop  2  feet  in  diameter  if  it 
is  subjected  to  an  outward  pressure  all  over  its  inner  surface  of  20 Ibs.  on 
every  inch  in  length  ? 

18.  Will  the  force  be  greatest  in  the  piston-rod  or  in  the  connecting- 
rod  of  a  steam-engine  ? 

19.  Define  effort  and  turning  effort.    Show  how  to  make  a  diagram  of 
the  effort  on  the  crank-pjn.  from  the  diagram  of  pressure  on  the  piston  of 
a  steam-engine. 

If  the  piston  of  a  steam-engine  were  1  foot  in  diameter  and  the  pressure 
of  steam  were  40  Ibs.  throughout  the  stroke,  the  length  of  the  stroke 
being  16  inches,  what  would  have  to  be  the  weight  on  a  friction-brake 
formed  by  passing  a  cord  over  the  flywheel  8  feet  in  diameter  ? 


Motion. 

22.  Direct  motion  and  rotation. 

23.  The  instantaneous  centre  of  rotation. 

24.  Velocity  and  acceleration. 
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25.  Angular  velocity. 

26.  The  graphic  representation  of  motion. 

Ex.  20.  How  is  angular  velocity  measured  ?  If  a  train  having  driving- 
wheels  8  ft.  in  diameter  is  moving  with  a  velocity  of  60  miles  an  hour, 
what  is  the  angular  velocity  of  the  wheels  ? 

21.  If  the  point  A  is  moving  in  the  direction  A  C,  and  B  in  the  direction 
J3D,  find  the  instantaneous  centre  of  rotation  of  the  body  with  which  A 
and  B  are  connected. 

22.  If  a  point  A  is  distant  2ft.  from  a  line  BC  in  which  a  point  P 
moves  with  a  velocity  of  1  ft.  per  second,  what  is  the  angular  velocity 
of  P  about  A  ? 

23.  If  a  steamboat  moves  with  a  velocity  of  10  miles  an  hour,  and  a 
man  walks  across  the  deck  at  8*47  feet  per  second,  find  the  magnitude 
and  direction  of  his  motion. 


WORK. 

27.  Definition  of  work  and  the  unit  of  work. 

28.  The  measure  of  work. 

29.  The  rate  of  work  or  power. 

30.  The  graphic  representation  of  work. 

Ex.  24.  If  a  nail  requires  2  foot-pounds  of  work  to  drive  it  2  inches  into 
wood,  what  is  the  mean  resistance  which  the  nail  experiences  in  entering 
the  wood  ? 

25.  With  what  velocity  must  a  hammer  weighing  1|  Ib.  move  in  order 
to  strike  a  blow  of  3  ft.-lbs.  ? 

How  far  would  such  a  hammer  moving  at  19ft.  per  second  drive  a 
nail  if  the  resistance  was  100  Ibs.  ? 

26.  Describe  Richards's  indicator  find  its  action  to  determine  the  work 
in  a  steam-engine. 

27.  If  the  spring  in  an  indicator  was  such  that  an  inch  motion  in  the 
pencil  indicated  20  Ibs.  pressure,  what  would  be  the  indicated  horse-power 
of  an  engine  of  which  the  diameter  of  the  piston  was  9  inches,  the  stroke 
18,  and  the  number  of  revolutions  per  minute  84  (the  area  of  the  dia- 
gram being  6  square  inches  and  its  length  4  inches)  ? 

28.  Explain  what  is  meant  by  the  moment  of  friction.     The  journals  of 
a  shaft  are  3  in.  in  diameter ;  to  drive  the  shaft  at  50  revolutions  a  minute 
it  takes  2000  ft.-lbs. :  what  is  the  moment  of  friction  ?     Does  the  moment 
of  friction  alter  with  the  diameter  of  the  shaft  ? 

c2 
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29.  What  is  the  turning  effort  in  transmitting  8  horse-power  at  9  revo- 
lutions per  second  ? 

30.  Describe  the  friction-brake.     What  would  be  the  mean  turning 
effort  on  the  shaft  of  the  engine  in  question  27  ?     Supposing  the  efficiency 
of  the  machinery  to  be  7,  what  would  be  the  load  on  the  brake  supposing 
the  circumference  of  the  pulley  on  which  it  acted  to  be  IS'll  feet  ? 

31.  What  is  work  ?  and  how  is  it  measured  ? 

32.  What  will  be  the  quantity  of  work  done  by  a  waterfall  in  which 
the  fall  is  13  feet  and  1000  cubic  feet  of  water  fall  per  minute? 

33.  Make  a  sketch  of  an  hydraulic  press  by  means  of  which  a  man  could 
raise  three  tons  without  having  to  exert  more  than  60  Ibs.  pressure  on  the 
handle. 

34.  If  a  hammer  weighing  10  Ibs.  strikes  a  nail  with  a  velocity  of  10 
feet  per  second,  and  drives  the  nail  \  inch  into  the  wood,  find  the  pres- 
sure on  the  head  of  the  nail  that  would  be  required  to  force  it  into  the 
wood.    Also  find  the  time  during  which  the  pressure  between  the  hammer 
and  the  nail  lasts. 


INERTIA. 

31.  Inertia  and  measure  of  mass. 

32.  The  moment  of  inertia. 

33.  Momentum  or  the  measure  of  motion. 

34.  The  conservation  of  momentum. 

Ex.  35.  What  is  the  inertia  of  a  mass  of  iron  weighing  ten  pounds  ? 

36.  What  must  be  the  acceleration  on  a  weight  in  order  that  the  force 
necessary  to  give  it  this  acceleration  may  represent  the  inertia  ? 

37.  What  is  the  turning  effort  required  to  give  the  centre  of  gravity  of 
a  body  weighing  10  Ibs.  an  angular  velocity  10  about  a  centre  2  feet  from 
it,  the  body  being  attached  so  that  it  is  free  to  move  about  its  centre  of 
gravity  ? 

38.  State  what  turning  effort  would  be  required  to  give  the  following 
bodies  a  unit  of  angular  acceleration,  all  the  bodies  being  supposed  to 
weigh  1  Ib. : — 

A  ring  of  radius  a  about  its  axis, 
A  disk  of  radius  a  about  its  axis. 
A  disk  of  radius  a  about  a  diameter. 
A  bar  of  length  a  about  one  end. 

39.  If  a  force  of  1  Ib.  acts  on  a  free  body  for  3  seconds,  what  will  be 
the  momentum  of  that  body  ? 
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ENERGY  AND  ENTROPY. 

35.  Work  is  a  change  of  energy,  or  energy  is  the  power  of 
doing  work. 

36.  Various  forms  of  energy. 

37.  Expression  of  the  various  forms  of  energy  in  units  of 
energy. 

38.  The  distinction  between  energy  and  available  energy  or 
entropy. 

Ex.  40.  State  the  most  general  forms  of  energy  with  which  we  have  to  do 
in  mechanics,  and  which  of  these  forms  is  chosen  as  the  representative 
form. 

41.  What  is  the  entropy  in  a  rectangular  reservoir  of  water  10  feet 
deep  containing  1000  cubic  feet,  if  the  outlet  is  on  a  level  with  the  bottom 
of  the  reservoir  P 

42.  Is  it  possible  to  make  a  single  engine  drive  its  shaft  against  a  uni- 
form resistance  with  perfect  regularity  by  means  of  a  flywheel  ? 

43.  State  the  conditions  under  which  a  flywheel  may  be  usefully  em- 
ployed ;  and  the  principle  on  which  its  size  or  weight  should  be  deter- 
mined. 


THEORY  OF  STRUCTURES. 

39.  Application  of  the  polygon  of  forces  to  determine  the 
forces  transmitted  by  the  various  parts  of  a  trussed  structure. 

40.  The  Warren  girder.    Various  forms  of  girders  and  roofs. 

41.  The  lattice  girder. 

42.  Cases  in  which  the  polygon  of  forces  cannot  be  applied. 

43.  The  chains  of  a  bridge. 

44.  The  stones  of  an  arch. 

45.  The  tension  or  compression  of  hoops  or  bands. 

Lx:  44.  Explain  the  method  of  finding  the  stress  on  the  pieces  of  a  frame, 
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such  as  a  roof,  composed  of  rods  loose-jointed  at  their  ends,  the  frame  to 


45.  AS,  AC,  AD,  AE  are  four  loose-jointed  rods  composing  part 
of  a  frame  such  as  a  roof;  W  is  the  load  on  the  joint  A,  and  P  and  Q  are 
the  forces  in  the  rods  AB  and  AE  respectively.   Make  a  sketch  of  the  dia- 
gram of  forces  so  as  to  determine  the  forces  in  AC  and  AD. 

46.  A  crane  to  lift  2  tons  has  a  radius  of  16  feet  and  a  height  of  14  feet ; 
find  the  stress  on  the  gib  and  tie,  also  the  bending-moment  at  the  foot  of 
the  column. 

47.  Suppose  a  Warren  girder,  having  3  bays  in  the  top  boom  and  2  in 
the  bottom,  and  supported  from  the  ends  of  the  top  boom,  to  be  subjected 
to  a  uniform  load  of  10  tons  on  each  bay  in  the  top  boom :  sketch  the 
diagrams  of  the  forces  at  each  joint,  and  find  the  force  in  the  rods  round 
the  middle  bay. 

48.  Describe  the  method  by  which  you  would  form  an  estimate  of  the 
weight  of  a  girder  before  designing  it,  in  order  to  allow  for  its  weight  in 
the  calculation  of  its  strength. 

49.  If  the  slope  of  a  roof  was  1  vertical  to  2  horizontal,  the  length  of 
the  rafters  30  feet,  and  the  whole  load  4  Ibs.  per  square  foot,  what  would 
be  the  tension  on  the  tie-bars,  supposing  these  to  be  at  the  level  of  the 
eaves  and  to  occur  every  10  feet  ? 


Theory  of  Simple  Structures. 

46.  Application  of  the  principle   of  moments  to  ascertain 
the  bending-moments  in  the  parts  of  a  rigid  structure  such  as 
a  beam. 

Case  1.  A  beam  fixed  at  one  end  and  loaded  at  the  other. 

Case  2.  A  beam  fixed  at  one  end  and  loaded  uniformly. 

Case  3.  A  beam  supported  at  both  ends  and  loaded  in  the 
middle. 

Case  4.  A  beam  supported  at  both 'ends  and  loaded  uni- 
formly. 

Case  5.  A  beam  supported  at  both  ends  and  loaded  anywhere. 

47.  Cases  to  which  the  principle  of  moments  does  not  apply—- 
the  continuous  girder. 

48.  The  twisting-moment  in  any  part  of  a  structure. 

Ex.  50.  What  is  the  bending-moment  at  a  point  3  feet  from  the  end  of  a 
beam  which  is  25  feet  long,  supported  at  the  ends  and  loaded  with  1  ton  in 
the  middle? 
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51.  What  will  be  the  greatest  bending-moment  in  a  beam  12  feet 
long,  supported  at  both  ends  and  loaded  in  the  middle  ? 

52.  What  will  be  the  greatest  bending-moment  in  a  beam  of  length 
/  feet,  and  carrying  a  load  w  Ibs.  in  the  following  manner — 

1st.  Supported  at  both  ends,  loaded  in  the  middle  ? 
2nd.       Ditto          ditto          loaded  uniformly  ? 
3rd.  Fixed  at  one  end,  loaded  at  the  other  ? 
4th.  Fixed  at  both  ends,  and  loaded  in  the  middle  ? 

53.  What  is  the  bending-moment  in  the  middle  of  a  beam  30  feet  long 
supported  at  both  ends  and  loaded  in  the  middle  with  10  tons  ? 

54.  Show  by  a  diagram  the  greatest  bending-moment  which  each  point 
of  a  beam,  supported  at  the  ends,  is  liable  to  under  a  uniform  load  of  1  ton 
per  foot,  and  a  moving  load  10  tons,  the  length  of  the  beam  being  15  feet. 

55.  What  is  the  twisting-moment  caused  in  the  crank-shaft  of  an  engine 
when  the  connecting-rod  makes  an  angle  of  70°  with  the  line  of  centres  of 
the  crank,  if  the  pressure  in  the  connecting-rod  is  500  Ibs.  and  the  length 
of  the  crank  is  8  inches  ? 


Strength  of  Materials. 

49.  Definition  of  stress. 

50.  Whole  stress.    Intensity  of  stress.    The  limit  or  modulus 
of  stress. 

51.  The  various  kinds  of  stress : — 

Stress  to  resist  tearing. 
Stress  to  resist  crushing. 
Stress  to  resist  shearing. 
Stress  to  resist  cross-breaking. 
Stress  to  resist  twisting. 

52.  The  effects  which  the  shape  and  size  of  the  section  to  be 
broken  have  on  the  various  kinds  of  stress. 

Ex.  56.  What  is  the  modulus  of  strength  ?  and  how  is  it  measured  ? 

57.  Distinguish  between  ultimate   stress,  proof  stress,  and  working 
stress. 

58.  If  a  rectangular  bar  of  any  material,  1*03  inch  broad  one  way  and 
0-95  inch  the  other,  breaks  with  a  load  'of  14,000  Ibs.,  what  is  the  mo- 
dulus of  strength  of  the  material  ? 

59.  What  sized  round  iron  will  it  take  to  make  a  chain  to  bear  5  tons, 
if  the  modulus  of  strength  is  60,000  and  the  factor  of  safety  8  ? 

60.  If  it  was  necessary  to  connect  two  iron  bars  1  inch  broad  and  \  inch 
thick  with  a  single  rivet  of  the  same  material,  what  would  be  the  best 
size  for  the  rivet?    Also  if  two  rivets  were  used,  what  would  be  the  best 
size  for  these  rivets  ? 
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61.  How  does  the  stress  to  which  the  material  of  the  bar  is  subjected 
by  cross  breaking  differ  from  that  to  which  it  is  subjected  in  tearing  or 
crushing  ? 

62.  How  many  f-inch  rivets  must  be  used  to  join  two  plates  30  inches 
wide  and  f-inch  thick  so  that  the  rivets  may  be  as  strong  as  the  riveted 
plates,  the  ratio  of  the  tenacity  of  wrought  iron  to  its  strength  to  resist 
shearing  being  £  ? 

63.  What  assumptions  do  we  make  with  regard  to  the  stress  in  a  bar 
under  forces  which  bend  it  ? 

64.  State  the  laws  which  connect  the  strength  of  a  beam  with  its  size. 
If  a  beam  12  feet  long  and  5  inches  square  was  just  strong  enough  to 

carry  1  ton  at  its  middle,  how  much  might  be  put  on  a  beam  of  the  same 
material  20  feet  long,  6  inches  broad,  by  11  deep? 

65.  State  the  laws  which  connect  the  strength  of  a  beam  with  the  shape 
of  its  section. 

66.  What  are  the  relative  strengths  of  two  beams  of  the  same  material 
and  the  same  size,  the  one  round  and  the  other  square  ? 

67.  What  will  be  the  relative  strength  of  two  round  shafts,  the  one  3 
inches  in  diameter  and  made  of  iron,  the  modulus  of  stress  being  50,000  Ibs., 
the  other  2  in.  in  diameter  and  made  of  steel,  the  modulus  of  strength  of 
which  is  100,000 Ibs.? 


Stiffness  of  Materials. 

53.  Hooke's  law. 

54.  The  modulus  of  strain  or  elasticity— for  stretching,  com- 
pressing, bending,  and  twisting. 

55.  The  deflection  of  beams. 

56.  The  relative  deflection  of  different  materials. 

57.  The  effects  which  shape  and  size  have  on  the  ultimate 
deflection  and  stiffness. 

58.  The  torsion  of  shafts,  and  the  effects  which  the  shape  and 
size  of  the  shafts  have  on  their  ultimate  angle  of  torsion  and  on 
their  stiffness. 

Ex.  68.  State  Hooke's  law ;   and  mention  certain  phenomena  which 
depend  on  it,  and  from  which,  therefore,  we  are  assured  of  its  truth. 

69.  Define  the  modulus  of  stiffness  of  a  material. 

70.  If  an  iron  wire  of  |  inch  diameter  and  200  feet  long  is  found  to 
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stretch  8  inches  under  a  weight  of  GOO  Ibs.,  what  is  the  modulus  of  elas- 
ticity of  the  iron  ? 

71.  Will  the  deflection  of  similar  beams  under  equal  loads  he  inversely 
proportional  to  the  moduli  of  elasticity  of  the  materials  of  which  they  are 
composed  ? 

72.  How  does  the  ultimate  deflection  of  a  beam  depend  on  the  size  of 
its  section  ? 

73.  Which  would  undergo  the  greatest  deflection  without  breaking,  a 
round  or  a  square  beam  ?     What  would  be  the  ultimate  deflection  of  a 
bar  of  wood  22  inches  long  and  i  inch  square  (the  modulus  of  strength 
8000)? 

74.  How  does  the  ultimate  torsion  of  a  shaft  depend  on  its  size  ? 

75.  Through  what  angle  would  the  end  of  a  shaft  10  feet  long  and  3 
inches  in  diameter  be  twisted  if  the  shaft  was  transmitting  60-horse  power 
at  a  velocity  of  200  revolutions  a  minute,  the  modulus  of  elasticity  Deing 
12,000,000? 


Resilience  of  Materials. 

59.  Resilience.    Strength  to  resist  shocks  or  blows. 

60.  The  modulus  of  resilience. 

61.  The  resilience  of  a  tie  or  a  strut. 

62.  The  resilience  of  a  beam,  and  the  effect  which  shape 
and  size  have  upon  resilience. 

63.  The  resilience  of   a  shaft,   and  the  effect  which  the 
shape  of  the  section  has  upon  resilience. 

64.  The  effect  of  the  variation  of  the  section  on  the  resilience 
of  the  structure. 

Ex.  76.  What  is  the  general  law  between  the  force  required  to  produce 
a  given  deflection  in  a  structure,  the  deflection,  and  the  resilience  ? 

77.  How  does  the  resilience  of  a  structure  increase  with  its  size  ? 

78.  If   a  rectangular  beam,  3  inches  one  way  and  11  the  other,  be 
rested  on  its  ends  and  struck  in  the  middle,  will  it  require  a  greater  blow 
to  break  it  when  lying  flat  or  when  set  up  edgeways  P 

79.  What  proportion  of  the  resilience  of  the  steel  in  a  watch-spring  is 
available  ? 

80.  If  the  resilience  of  a  bar  or  a  chain  composed  of  iron  1  square  inch 
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in  section  and  20  feet  long  is  30,000  ft.-lbs.,  what  would  be  the  resilience 
if  for  19  feet  of  its  length  it  was  composed  of  iron  2  square  inches  in  sec- 
tion, the  remaining  foot  being  the  same  size  as  before  ? 

81.  If  a  bridge  will  support  40,000  Ibs.  in  its  middle  and  1  Ib.  deflects  it 
500,000  of  a  foot,  what  will  be  its  ultimate  resilience  ?  If  its  safe  load  is 
4000  Ibs.,  what  will  be  its  proof  resilience  ?  Would  it  safely  bear  a  jolt 
from  half  a  ton  falling  £  an  inch  ? 


General  Remarks. 

65.  The  assumptions  on  which  the  previous  statements  have 
been  based. 

66.  The  effect  of  properties  which  have  not  been  taken  into 
account. 

67.  Summary  of  the  properties  of  material,  so  far  as  they 
affect  construction. 

68.  The  effect  of  sudden  enlargements  and  inaccuracy  of 
workmanship. 

69.  The  limit  of  the  size  of  structures. 

Ex.  82.  In  what  way  does  time  affect  the  form  of  structures  ? 

83.  Point  out  in  what  respect  wrought  iron  differs  from  steel  when 
subjected  to  very  nearly  its  ultimate  load. 

84.  What  effect  have  sharp  angles  and  sudden  enlargements  on  the 
strength  of  structures  ?     Explain  this  effect ;  and  show  that  the  peculiar 
properties  of  wrought  iron  render  it  much  less  liable  to  suffer  from  this 
effect  than  cast  iron  and  steel. 

85.  Show  that  most  structures,  if  made  large  enough,  must  ultimately 
break  under  their  own  weight.    Describe  the  form  of  structures  which 
are  exceptions  to  this  rule. 

86.  To  what  size  would  a  solid  square  beam  of  wrought  iron  support 
itself,  supposing  its  length  to  be  twenty  times  its  thickness  ? 

87.  Of  what  material  could  we  make  the  longest  suspension-bridge  ? 


MECHANISM,  OR  CONSTRAINED  MOTION. 

70.  The  object  of  a  machine. 

71.  The  structure  of  a  machine. 
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72.  The  frame  and  moving  pieces. 

73.  The  bearings,  and  how  they  determine  the  character 
of  the  motion. 

74.  Connection — simple,  complex,  fluid,  and  elastic. 

75.  Connectors  and  secondary  pieces. 

76.  Elementary  combinations  and  their  velocity-ratio. 

77.  Classification  of  the  various  combinations. 

Ex.  88.  Describe  the  several  functions  performed  by  the  receiver,  the 
operator,  and  the  mechanism  in  a  machine. 

89.  What  are  meant  by  primary  moving  pieces  ? 

90.  What  are  the  necessary  forms  for  the  bearings  of  the  pieces  of  a 
machine  ?   What  is  the  connection  between  the  form  of  the  bearings  and 
the  motion  of  the  piece  ? 

91.  What  is  meant  by  the  velocity-ratio  of  two  pieces  ?    Mention  some 
well-known  example  of  a  constant  velocity-ratio ;  also  of  a  variable  velo- 
city-ratio. 

92.  How  do  we  compare  the  velocity  of  two  pieces,  one  of  which  has  a 
motion  of  rotation  and  the  other  a  linear  motion  ? 

93.  Explain  what  is  meant  by  a  train  of  mechanism.    On  what  do  the 
actual  velocity,  the  relative  velocity,  and  the  kind  of  motion  of  a  moving- 
piece  severally  depend  ? 

94.  If  two  pieces  are  connected  by  a  train  of  mechanism,  on  what  will 
their  actual  velocities  depend  ? 

95.  When  two  pieces  are  in  mechanical  connection,  what  is  meant  by 
the  line  of  connection  ? 


Velocity-ratio  constant. 

78.  Group  I.  To  produce  any  required  modification  in  the 
speed  of  rotation.     Pulleys  and  belts  ;    smooth    or   toothed 
wheels. 

79.  Group  II.  To  produce  any  required  modification  in  the 
speed  of  rotation  and  in  the  position  of  the  axes. 

80.  Case  1.   When  the  axes  are  parallel.     Belts;   toothed 
wheels ;  cranks ;  Hooke's  joint ;  Oldam's  coupling. 


28  SECOND  YEAR'S  COURSE. 

81.  Case  2.  When  the  axes  intersect.      Bevel-wheels  and 
Hooke's  joint. 

82.  Case  3.    When    the    shafts    are    neither    parallel    nor 
intersect.    Belts  ;  worm-wheels ;  skew-wheels. 

83.  Group  III.  To  change  a  motion  of  continuous  rotation 
into  one  of  linear  motion.    The  wheel  and  rack  ;  the  drum 
and  cord. 

Ex.  96.  Explain  the  circumstances  under  which  smooth  wheels  may  be 
used  to  transmit  motion  in  practice  without  belts. 

97.  If  two  pieces  are  connected  by  toothed  gear  and  their  velocity-ratio 
is  constant,  what  is  the  relation  between  the  numbers  of  teeth  and  the 
velocity-ratio  ? 

If  the  two  largest  wheels  in  the  train  which  connects  the  hour-hand 
with  the  minute-hand  in  an  ordinary  clock  had  each  of  them  32  teeth, 
could  the  connection  be  made  ? 

98.  What  relations  must  exist  between  the  diameters,  pitch,  and  num- 
bers of  teeth  of  a  pair  of  wheels^? 

It  is  required  to  make  three  pairs  of  wheels  to  work  on  two  shafts, 
whose  distance  apart  is  1  foot,  the  wheels  to  have  the  same  pitch  and 
their  velocity-ratios  to  be  2,  |,  f  5  the  driver  of  the  first  pair  of  wheels 
to  have  30  teeth.  Find  the  number  of  teeth  in  each  of  the  other  wheels. 

99.  A  self-acting  lathe  is  adjusted  so  as  to  put  on  40  cuts  to  an  inch  ; 
it  is  required  to  reduce  this  to  20  cuts  to  an  inch  by  substituting  for  two 
wheels  of  which  the  driver  has  38  teeth  and  the  follower  46,  two  other 
wheels  to  work  on  the  same  shafts.     What  must  be  the  numbers  of  the 
teeth  in  the  new  wheels,  the  pitch  being  the  same  as  before  ? 

100.  Make  a  sketch  of  a  clock,  and  explain  the  object  of  each  of  the 
various  parts.     Give  the  numbers  of  teetn  and  pitch  of  all  the  wheels. 

101.  The  numbers  of  teeth  in  two  wheels  A  and  B  that  work  together 
are  21  and  33.     How  many  teeth  in  B  will  any  particular  tooth  in  A 
touch  ? 

102.  Under  what  conditions  should  belts  be  used  to  connect  rotating 
pieces  in  machinery  ? 

103.  Explain  why  belts  are  not  used  to  connect  the  hands  of  a  clock 
with  each  other  and  with  the  escapemeni>-wheel. 

104.  It  is  required  to  arrange  a  pair  of  speed-cones,  each  of  which  has 
six  pulleys,  so  that  they  may  work  with  the  same  strap.     The  distance 
between  the  shafts  is  10  feet,  and  the  diameters  of  one  pair  of  pulleys  are 
1  foot  and  8  inches  respectively.     What  must  be  the  diameters  of  the 
other  pulleys,  so  that  the  velocity-ratios  may  be  £,  f ,  f ,  f ,  f ,  \  ? 

105.  Show  how  to  arrange  a  set  of  pulleys  so  that  the  velocity-ratio 
may  be  ^,  the  fall  to  come  from  the  fixed  pulley. 

106.  Two  shafts  are  parallel,  but  not  quite  in  the  same  straight  line. 
Make  sketches  of  those  combinations  by  which  you  are  sure  they  might 
be  connected  so  that  their  velocity-ratio  would  be  unity. 
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107.  State  the  necessary  conditions  to  be  observed  in  connecting  shafts 
with  belts. 

If  AS  and  CD  are  two  shafts,  the  shortest  distance  between  which  is 
6  feet,  and  the  angle  between  them  90°,  and  their  velocity-ratio  2,  show  by 
a  sketch  how  the  pulleys  must  be  placed  to  accomplish  this  without  guide- 
pulleys  ;  also  show  how  to  find  the  position  of  the  guide-pulleys  if  they 
are  used. 

108.  Show  by  a  sketch  how  the  proper  position  of  the  wheels  may  be 
found,  in  order  that  two  shafts  which  cross  at  an  angle  of  60°  may  be 
connected  by  a  belt,  the  diameters  of  the  pulleys  being  2  inches  and  1  inch 
respectively. 

109.  What  will  be  the  forms  of  the  pitch-surfaces  of  wheels  which  con- 
nect two  rotating  pieces  in  the  following  cases  ? — (1)  Axes  are  parallel ; 
(2)  they  intersect ;  (3)  do  not  intersect,  and  are  not  parallel.     Give  the 
technical  names  for  such  wheels. 

110.  Show  by  a  sketch  how  to  design  a  pair  of  bevel-wheels,  having 
given  the  velocity-ratio  4,  the  angle  between  the  shafts  90°,  and  the  dia- 
meter of  the  largest  wheel  1  inch. 

111.  Make  a  sketch  showing  in  plan  and  elevation  a  combination  of  two 
rotating  pieces,  the  shafts  being  at  right  angles  and  3  inches  apart,  the 
diameter  of  the  largest  pulley  1  inch,  the  thickness  of  the  strap  ^  inch, 
and  the  velocity-ratio  1|. 

112.  For  what  purpose  are  skew-bevels  used  ? 

113.  If  two  shafts,  3  inches  apart,  are  inclined  at  30°,  find  the  plan  and 
elevation  of  the  line  of  connection  for  skew-bevels  so  that  the  velocity- 
ratio  may  be  2. 


Vdocity-ratio  variable. 

84.  The  use  of  curves  to  represent  variable  motion. 

85.  Group  IV.  To  change  the  velocity  of  continuous  rotation 
so  that  it  may  vary  after  any  given  law.    Non-circular  wheels  ; 
the  pin  and  slot. 

86.  Group  V.  To  change  the  velocity  of  continuous  rotation 
into  one  of  reciprocation.    Cranks ;  eccentrics ;  cams  ;  escape- 
ments ;  mangle-wheels. 

87.  Group  VI.  To  change  a  motion  of  reciprocation  into  one 
of  rotation.    The  crank  and  flywheel ;  escapements ;  ratchets. 

88.  Group  VII.  To  produce  any  required  modifications  in 
linear   motion.    The  inclined  plane ;   links   and  levers ;    the 
knuckle-joint. 
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Ex.  114.  What  are  the  curves  of  spaces,  velocities,  and  accelerations  ? 

Make  a  sketch  of  the  three  curves  for  a  piston  and  crank,  the  connecting- 
rod  being  supposed  infinitely  long.  Show  how  the  one  curve  may  be  found 
from  the  other,  and  vice  versa. 

115.  Construct  the  curves  of  spaces  for  a  piston  connected  with  a  1-inch 
crank  by  a  2|-inch  connecting-rod  and  a  valve  connected  with  an  eccentric 
of  !-inch  eccentricity  by  a  2^-inch  connecting-rod,  the  direction  of  motion 
of  the  valve  to  miss  the  axis  of  the  shaft  by  |  an  inch. 

116.  For  what  object  are  cams  generally  used  ?    Illustrate  your  answer 
by  reference  to  some  machine  in  common  use. 

117.  Design  a  rotating  cam  so  that  it  may  move  a  sliding  piece  in  the 
following  manner  : — As  the  cam  turns  through  120°  the  sliding  piece  to 
remain  at  rest,  through  the  next  180°  the  sliding  piece  to  travel  uniformly 
forwards  2  inches,  and  through  the  next  60°  uniformly  backwards. 

118.  Such  a  motion  as  this  would  require  modification  before  it  could 
be  used  in  practice.    Point  out  the  modification,  and  state  for  what  class 
of  machines  such  cams  are  used. 

119.  It  is  required  to  have  two  sliding  pieces  to  reciprocate  so  that  the 
one  may  always  be  exactly  in  the  middle  of  its  path  when  the  other  is  at 
the  end.     The  motion  is  given  to  the  sliding  pieces  by  two  cranks  on  the 
same  shaft,  each  of  them  being  1  inch  long  and  connected  with  the  sliding 
pieces  by  a  rod  2|  inches  long.     Show  by  a  sketch  how  to  find  the  angle 
between  the  cranks. 

Show  how  to  find  the  velocity-ratio  of  the  two  sliding  pieces  at  any 
instant. 

120.  Illustrate,  by  curves,  the  relative  motion  of  the  pieces  in  the  fol- 
lowing combinations : — 

(!H  Rotating  and  sliding  piece  connected  by  a  link  and  crank. 

(2)  Two  rotating  pieces  connected  by  toothed  wheels,  with  a  velocity- 

ratio  2. 

(3)  Two  rotating  pieces  connected  by  elliptical  wheels,  the  angular 

difference  being  30°. 

(4)  Two  rotating  pieces  connected  by  Hooke's  joint,  the  axes  being 

inclined  at  80°. 

(5)  Crank  and  slot. 

(6)  Mangle-wheel. 

121.  Describe  the  various  methods  used  to  obtain  quick  returns  in 
machine  tools. 

122.  Show  how  to  arrange  a  crank  and  slot  so  that  the  time  of  forward 
motion  may  be  twice  that  of  the  return.     Represent  the  motion  by  a  curve. 

]  23.  Describe  the  arrangement  of  the  pin  and  slot  used  in  Whitworth's 
shaping-machines  as  a  quick  return. 

124.  Make  a  sketch  to  show  how  you  would  connect  a  sliding  piece 
with  a  rotating  piece,  the  rotating  piece  to  drive  and  make  one  complete 
revolution  while  the  sliding  piece  makes  two  complete  oscillations. 

125.  Explain  the  reason  why  several  ratchets  are  sometimes  used.   De- 
scribe the  friction-ratchet. 

126.  Show  how  to  adjust  the  links  and  levers  so  that  two  sliding  pieces 
whose  directions  of  motion  are  parallel  and  distant  apart  2  inches  may  be 
connected  to  move  with  a  velocity-ratio  of  2. 
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Complex  Connection. 

89.  Definition  of  aggregate  motion. 

90.  Group  VIII.  To  connect  one  piece  with  two  or  more,  so 
that   it   may  receive  its  motion  from  them  independently. 
Levers  ;   pulleys  and  cords ;  differential  motions  ;  screws  and 
toothed  wheels. 

.  91.  Group  IX.  To  connect  a  piece  with  two  or  more  so  that 
a  point  in  it  may  describe  a  certain  path  which  is  neither 
straight  nor  circular.  Rolling  pulleys  ;  links  and  levers  ; 
trammels. 

Ex.  127.  Distinguish  between  aggregate  velocity  and  aggregate  motion. 
Illustrate  cases  of  both  by  sketches. 

128.  Show  how  to   connect  a  rotating  follower  with  two  rotating 
drivers  so  that  when  driven  by  both  its  velocity  may  be  the  sum  of  the 
velocities  it  would  have  if  driven  by  each  separately. 

129.  Show  how  to  connect  a  shaft  A  with  two  shafts  B  and  (7,  so  that 
the  motion  it  receives  from  either  of  them  shall  be  independent  of  that 
which  it  receives  from  the  other,  and  so  that  when  JB  drives  the  velocity- 
ratio  may  be  2  and  when  C  drives  it  may  be  3. 

130.  Design  the  bearings  for  a  piece  of  a  machine  so  that  a  point  of  it 
may  move  in  an  ellipse. 

131.  Describe  Watt's  parallel  motion. 

132.  Show  that  in  the  link-motion  of  the  steam-engine  each  eccentric 
produces  its  effect  on  the  motion  of  the  valve  independently  of  the  other, 
or  nearly  so. 


Engagements. 

4 

92.  The  teeth  of  wheels. 

93.  The  practical  forms  for  the  teeth. 

94.  The  arc  of  contact  and  the  lengths  of  the  teeth. 

95.  The    forms    usually    adopted,    and     their    respective 
advantages. 

96.  The  approximate  form. 
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97.  The  smallest  number  of  teeth  that  can  be  used. 

98.  The  teeth  for  bevel-  and  skew-wheels. 

99.  The  clutch  and  friction-clutch. 

Ex.  133.  What  are  the  usual  forms  for  the  teeth  of  wheels  ? 

134.  What  are  meant  by  the  faces  and  flanks  of  the  teeth  of  wheels  ? 
How  are  the  faces  formed  when  the  flanks  are  radial  ? 

135.  Describe  the  form  of  the  teeth  of  a  pair  of  spur-wheels  whose  radii 
are  4  and  2  inches  respectively,  the  flanks  of  the  teeth  to  be  radial  and  the 
larger  wheel  to  have  12  teeth. 

136.  Find  the  length  of  the  teeth  in  the  last  question  so  that  both  ap- 
proaching and  receding  contact  may  =§  pitch. 

137.  Find  the  lengths  for  the  teeth  of  a  pair  of  radial  flanked  toothed 
wheels,  whose  diameters  are  2  and  3  respectively,  so  that  two  teeth  may 
remain  in  contact  while  the  smaller  wheel  turns  through  ^  of  a  revolu- 
tion— approaching  and  receding  contact  to  be  equal. 

138.  What  consideration  limits  the  thickness  of  the  teeth  ? 

139.  What  must  be  the  pitch  of  the  teeth  to  connect  two  shafts,  whose 
distance  apart  is  2  feet,  by  two  spur-wheels  so  that  the  velocity-ratio  may 
be  ||,  and  there  may  be  12  teeth  in  the  smaller  wheel  ? 


Adjustments. 

100.  Determinate   adjustments.       Change  -  wheels  ;    speed  - 
cones. 

101.  Gradual  adjustments.    The  disk  and  roller. 

102.  The  link  motion. 

• 

Ex.  140.  Make  sketches  of  arrangements  for  effecting  the  following  ad- 
justments and  engagements: — 

(1)  For  varying  the  amplitude  of  oscillation  of  a  piece  without 

stopping  the  machinery. 

(2)  For  varying  the  velocity-ratio  of  two  rotating  pieces  without 

stopping  them. 

(3)  For  connecting  and  disconnecting  two  rotating  pieces  in  motion 

without  shock. 
141 .  Describe  the  link  motion  and  its  purpose. 
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THIRD  YEAR'S  ENGINEERING  CLASS. 
THE  THEORY  OF  MACHINES. 


SYLLABUS  AND  EXERCISES. 


PRELIMINARY. 

1.  General  description  of  the  objects  to  be  aimed  at  in  design- 
ing machines. 

2.  The  graphic  method  of  representing  and  measuring  variable 
quantities,  illustrated  with  reference  to  Work. 

Ex.  1.  The  diagram  from  a  dynamometer  encloses  A  square  inches, 
and  the  effort  is  represented  in  a  scale  of  e  Ibs.  to  an  inch,  while  that  of 
the  distance  is  d  ft.  to  an  inch;  find  the  amount  of  work  which  the  dia- 
gram represents. 

2.  A  piston  is  connected  with  a  crank  by  a  simple  connecting-rod,  show 
how  to  find  the  diagram  of  the  effort  of  the  connecting-rod  on  the  crank 
when  given  the  diagram  of  the  pressure  of  the  steam  on  the  piston. 

3.  Show  that  the  diagram  of  turning-effort  on  the  crank  of  a  steam- 
engine  includes  the  same  area  as  the  diagram  of  pressure  on  the  piston. 

4.  Given  the  curve  of  spaces  of  a  mechanical  combination  and  the  dia- 
gram of  effort  on  one  of  the  pieces,  show  how  to  find  that  on  the  other, 
both  for  rotatory  and  linear  motion. 


THE  TRANSMISSION  OF  WORK. 

The  Measurement  of  Work. 

3.  General  principles  of  measuring  work. 

4.  The  work  done  in  pumping  water  or  raising  weights. 

D 
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5.  The  friction  dynamometer. 

6.  Proney's  brake. 

7.  Appold's  brake. 

3.  Indicating  dynamometer. 
9.  Morin's  dynamometer. 

10.  Watt's  indicator. 

11.  Richard's  indicator. 

12.  Integrating  dynamometer. 

13.  Morin's  integrating  dynamometer. 

14.  Storey  and  Aston's  integrating  dynamometer. 

15.  King's  dynamometer. 

F*x.  5.  Describe  the  principle  of  the  dynamometer. 

6.  Describe  the  several  kinds  of  dynamometer. 

7.  Describe  the  friction-brake  used  for  measuring  work. 

8.  If  the  mean  turning-effort  on  the  wheel  is  et  what  amount  of  work  is 
done  per  revolution  ? 

9.  Explain  the  diagram  of  a  steam-engine,  and  the  instruments  by  which 
it  is  obtained  practically. 

10.  What  advantage  is  obtained  by  making  the  pencil  move  through  a 
wider  range  than  the  piston  of  the  indicator  ? 

11.  Show  how  the  disk  and  roller  may  be  used  to  integrate  the  work 
measured  by  a  dynamometer  under  a  varying  resistance. 

12.  If  the  ram  of  a  pile-driver  falls  12  feet,  and  does  2000  foot-pounds 
of  work  on  the  pile,  driving  it  5  inches  against  a  uniform  resistance,  what 
must  be  the  weight  of  the  ram  and  the  resistance  of  the  pile  ? 

13.  What  is  the  advantage  of  Richard's  indicator  over  that  of  Watt. 

The  efficiency  of  Machines. 

16.  Useful  and  lost  work. 

17.  The  causes  of  the  loss  of  work.    Dynamical  friction,  fluid 
friction,  viscosity. 


TRANSMISSION  OF  WORK.  :tf 

Ex.  14.  What  will  be  the  efficiency  of  the  mechanism  of  the  steam- 
engine,  in  which  the  mean  pressure  on  the  piston,  shown  by  the  diagram, 
is  40  Ibs.  on  the  square  inch,  the  diameter  being  10  inches  and  the  length 
of  the  stroke  15  inches,  the  diameter  of  the  driving-pulley  being  5  feet 
and  the  difference  in  tension  of  the  two  straps  350  IDS.  ? 

15.  If  the  indicated  power  of  a  locomotive  is  750  horse-power  when 
drawing  a  train  of  200  tons  up  an  incline  of  one  in  seventy,  or  a  train  of 
700  tons  along  a  level  at  a  rate  of  20  miles  an  hour,  what  is  the  efficiency 
of  the  engine  ? 

16.  The  combined  area  of  the  diagrams  from  both  sides  of  the  piston  of 
a  steam-engine  is  A  square  inches ;  e  is  the  scale  of  Ibs.  on  the  square  inch 
to  an  inch,  d  that  of  feet  to  an  inch,  T  is  the  mean  turning-effort  exerted 
by  the  crank-shaft  ;  find  the  efficiency  of  the  engine. 


.  Dynamical  Friction. 

18.  The  friction  between  surfaces  not  lubricated. 

19.  The  friction  between  lubricated  surfaces. 

20.  The  intensity  of  pressure  under  which  surfaces  will  slide. 

21.  Dynamical  friction  not  a  means  of  regulating  the  speed  of 
machines. 

22.  The  work  consumed  in  dynamical  friction. 

Ex.  17.  What  are  the  laws  of  friction  ? 

18.  A  railway-truck  takes  a  tractive  force  equal  to  70  Ibs.  to  draw  it  at 
the  rate  of  30  miles  an  hour.    How  much  will  it  take  to  draw  it  at 
the  rate  of  60  miles  an  hour,  the  retardation  from  wind  and  other 
causes  but  friction  being  neglected  ? 

19.  State  a   formula   expressing  the  rate  at  which  the  dynamical 
friction  of  a  journal  varies  with  its  speed. 

20.  State  a  formula  for  the  limit  of  pressure  on  journals. 

21.  In  what  proportion  does  the  work  spent  in  friction  increase  with 
the  size  of  a  journal  ? 

Fluid  Friction,  or  Viscosity. 

23.  The  general  laws  of  the  resistance  which  fluids  offer  to  the 
motion  of  solids  through  them. 

24.  Skin  resistance. 
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25.  The  circumstances  under  which  the  law  of  the  square  of 
the  velocity  does  not  hold. 

26.  The  effect  of  the  length  of  the  surface  on  fluid-friction. 
Froude's  experiments. 

27.  Fluid-friction  as  a  means  of  governing  the   speed  of 
machines.    The  fly  governor. 

28.  The  work  consumed  in  fluid-friction. 

Ex.  22.  State  the  laws  of  friction  between  a  fluid  and  a  surface  over 
which  it  glides. 

23.  Compare  the  laws  of  fluid-friction  with  those  of  solid-friction. 
Describe  the  nature  of  the  influence  which  the  length  of  a  surface  has 
upon  the  fluid-friction,  as  deduced  from  Fronde's  experiments. 

24.  State  Darcy's  formula  for  the  friction  of  fluids  in  pipes. 

25.  Does  the  length  of  a  pipe  influence  the  fluid-friction  within  it  ? 

26.  Explain  the  difference  in  the  circumstances  under  which  the  same 
laws  can  be  said  to  hold  for  the  friction  of  water  and  air. 

27.  When  a  certain  pipe  is  discharging  250  gallons  per  minute,  the 
head  lost  in  friction  is  3  feet.     Find  approximately  what  will  be  the  head 
lost  when  the  discharge  is  300  gallons  per  minute ;  also  the  work  lost  in 
both  cases. 


29.  The  effect  of  viscosity  on  vibration. 

30.  The  limit  to  the  extent  of  vibration. 

31.  The  work  spent  in  causing  vibration. 

Ex.  28.  If  an  elastic  structure  is  subjected  to  an  intermittent  force  the 
period  of  which  coincides  with  the  natural  period  of  vibration  of  the 
structure,  on  what  will  the  magnitude  of  the  vibrations  depend  ? 

29.  A  point  in  a  structure  swings  backwards  and  forwards,  and  is  acted 
on  by  a  force  P  always  in  the  direction  of  motion  ;  the  distance  moved 
through  in  each  direction  by  the  point  is  k :  what  amount  of  work  is  lost 
by  viscosity  ? 

30.  An  unbalanced  rotating  piece  causes  centrifugal  force  equivalent  to 
that  of  a  weight  w  on  an  arm  a,  and  makes  10  revolutions  per  second ;  the 
frame  supporting  this  piece  oscillates  under  the  force  through  a  distance 
dy  its  natural  period  of  oscillation  being  the  same  as  that  of  rotation. 
Find  the  work  spent  on  viscosity. 


TRANSMISSION  OF  WORK. 


The  Methods  of  Transmitting  Work. 

32.  General   description.     Continuous  rotation,   oscillation, 
belts,  water  and  compressed  air. 


Continuous  Rotation. 

33.  The  efficiency  of  shafts. 

34.  The  relative  efficiency  of  shafts  of  different  sizes  moving 
at  different  velocities. 

35.  The  best  size  for  shafts. 

Ex.  31.  What  are  the  causes  of  the  inefficiency  of  shafts  in  transmitting 
work? 

82.  Does  the  inefficiency  of  a  shaft  increase  in  proportion  to  its  length  ? 

33.  Two  shafts  of  different  sizes,  but  of  the  same  length,  are  subject  to 
turning-efforts  proportional  to  their  strength.     Find  what  will  be  their 
relative  efficiencies. 

34.  A  certain  amount  of  work  has  to  be  transmitted  by  a  shaft ;  the 
speed  of  the  shaft  is  such  th#t  the  turning-effort  which  it  has  to  transmit 
is  proportional  to  its  strength  :  ascertain  whether  the  necessary  friction 
arising  from  the  weight  of  the  shaft  will  increase  or  diminish  with  its 
speed. 

35.  An  iron  shaft  300  feet  long  turns  at  the  rate  of  200  revolutions  per 
minute,  and  transmits  10  horse-power  j  the  coefficient  of  friction  is  -05, 
and  the  size  of  the  shaft  is  such  that  the  stress  in  the  material  is  the  same 
as  that  in  a  shaft  1  inch  in  diameter  transmitting  a  turning-effort  of  500 
ft.-lbs. ;  determine  the  efficiency  of  the  shaft,  inasmuch  as  it  is  affected 
by  its  weight. 

36.  What  circumstances  limit  the  size  of  shafts  used  for  transmitting 
work  to  great  distances  ? 


Oscillation. 

36.  The  crank  and  connecting-rod. 

37.  The  difficulty  of  avoiding  play. 

38.  The  use  of  the  loaded  quadrant. 

39.  The  use  of  springs. 
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Belts. 

40.  The  friction  of  a  belt. 

41.  The  friction  of  the  air. 

42.  The  best  speed  for  belts.    High-speed  belts. 

43.  The  slipping  of  belts,  elastic  belts. 

Ex.  37.  What  is  the  relation  between  the  size  of  a  belt  or  strap,  its 
speed,  and  the  power  it  transmits  ? 

38.  What  circumstances  limit  the  useful  speed  at  which  a  belt  may  be 
driven  ? 

39.  Show  how  to  calculate  the  best  speed  for  a  belt  connecting  two 
shafts,  if  the  surface  of  the  belt  exposed  to  the  air  is  A  square  feet,  the 
diameter  of  the  bearings  on  which  the  shafts  rest  d  inches,  the  coefficient 
of  friction  on  the  bearings  is  g,  and  the  friction  of  the  line  on  each  square 

foot  of  the  belt  is  F^-,  where  v  is  the  velocity  of  the  belt. 

Fluid  Connection  Water. 

44.  The  relation  between  the  pressure,  volume,  and  work 
transmitted. 

45.  The  relation  between  the  efficiency  and  the  speed  of  the 
water. 

46.  The  advantage  of  slow  motion. 

47.  The  relative  advantage  in  point  of  economy  of  great  and 
small  pressures. 

Ex.  40.  What  amount  of  energy  is  transmitted  by  a  stream  of  water 
which  conveys  60  cubic  feet  per  minute  at  a  pressure  of  8131  Ibs.  on  the 
square  foot  ? 

41.  A  stream  of  water  emerging  from  a  pipe  under  a  pressure  of 
10,000  Ibs.  on  the  square  foot  has  lost  4  feet  head  in  the  transit ;  what  is 
the  efficiency  of  the  stream  ? 

42.  Supposing  the  cost  of  pipes  to  be  proportional  to  their  weight  and 
independent  of  their  diameter,  which  will  be  the  cheapest,  to  use  small  pipes 
and  great  pressure,  or  large  pipes  and  small  pressure,  for  communicating 
work  by  means  of  water  ? 

43.  Explain  how  it  is  that  hydraulic  connection  is  extravagant  when 
the  load  on  the  machinery  is  variable. 

44.  Describe  the  nature  of  the  circumstances  under  which  hydraulic  con- 
nection is  most  useful. 


MODIFICATION  OF  WORK.  39 

Compressed  Air. 

48.  The  difference  between  air  and  water. 

49.  The  compression  and  expansion  of  the  air.    The  loss  of 
the  work  by  the  cooling  of  the  air. 

Ex.  45.  Wherein  lies  the  great  advantage  which  air  possesses  over 
water  as  a  communicator  of  work  ? 

46.  Would  the  same  amount  of  work  be  transmitted  per  cubic  foot  by 
a  stream  of  air  under  the  same  pressure  as  a  stream  of  water  ? 

47.  Is  it  more  economical  to  use  air  at  large  or  small  pressures  for  the 
transmission  of  work  ? 

48.  What  circumstances  practically  limit  the  pressure  at  which  air  can 
be  used  ? 

49.  How  does  the  cooling  of  the  air  in  transit  affect  its  efficiency  as  a 
communicator  of  work  ? 

50.  Describe  the  means  adopted  to  obtain  the  greatest  economy  from 
the  air. 


THE  MODIFICATION  OF  WORK  AND  RESERVOIRS 
OF  ENERGY. 

The  Actual  Energy  of  the  Moving  Pieces. 

50.  Ply-wheels. 

51.  The  variation  in  the  velocity  of  a  fly-wheel  when  regula- 
ting a  variable  stream  of  work. 

52.  The  graphic  method  applied  to  fly-wheels. 

Ex.  51.  Explain  fully  the  object  of  the  fly-wheel  of  a  steam-engine ;  and 
the  consideration  which  should  regulate  its  size,  and  its  position  with 
respect  to  the  crank  and  driving-wheel. 

52.  What  should  be  the  diameter  and  weight  of  the  fly-wheel  so  that 
the  velocity  may  not  vary  1  per  cent,  when  the  work  is  taken  off  uni- 
formly ? 

63.  Show  how  the  variations  in  the  velocity  of  a  fly-wheel  whose 
weight  and  diameter  are  known  may  be  found  from  the  diagram  of  effort 
on  the  crank  for  a  steam-engine  under  a  uniform  load. 

54.  The  effort  on  a  fly-wheel  varies  according  to  the  harmonic  law  ; 
show  by  a  sketch  how  to  find  the  curve  of  velocity  from  the  curve  of  effort. 

55.  What  would  be  the  variation  in  the  velocity  of  a  fly-wheel,  weigh- 
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ing  20  tons,  10  feet  in  diameter,  and  making  60  revolutions  per  minute,  if 
the  energy  to  be  taken  up  and  given  out  is  12,000  foot-pounds  ? 

56.  A  uniformly  heavy  disk  of  radius  r  and  weight  w  makes  n  revolu- 
tions a  minute  ;  what  is  the  energy  of  its  motion  ? 

What  would  be  the  alteration  in  its  velocity  if  it  acquired  an  additional 
amount  of  energy  =e  ? 

Springs. 

53.  The  resilience  of  a  spring. 

54.  Beam  springs. 

55.  Coiled  springs. 

56.  Spiral  springs. 

Ex.  57.  Define  resilience.  In  making  a  spring,  such  as  a  buffer-spring, 
what  considerations  govern  the  weight  of  metal  to  be  used  ? 

58.  Which  is  the  most  economical  way  of  using  steel  for  the  purpose 
of  making  a  spring  ? 

59.  A  spring  is  required  to  play  through  1  ft.  and  to  resist  a  force  of 
100  Ibs.  when  at  full  length  and  200  Ibs.  when  compressed  ;  what  weight 
of  steel  would  be  required  so  that  the  greatest  stress  in  the  steel  might  be 
70,000  Ibs.,  the  modulus  of  elasticity  being  30,000,000,  (1)  if  the  string 
is  a  beam,  (2)  a  spiral,  (3)  a  coiled  spring  ? 

60.  Describe  the  way  in  which  a  spring  may  be  arranged  so  that  it  shall 
require  a  uniform  force  to  deflect  it. 

61.  What  effect  has  the  cylinder  in  which  a  watch-spring  is  coiled  on 
the  curve  of  turning-effort  which  the  spring  exerts  as  it  unwinds  ? 

Weights. 

57.  Reservoirs  of  water. 

58.  The  accumulator. 

59.  The  means  of  using  the  energy  of  the  waves  to  propel  a 


Ex.  62.  Describe  the  various  ways  in  which  water  is  made  use  of  to 
equalize  a  stream  of  energy. 

63.  The  outflow  from  a 'reservoir  of  water  is  10  feet  below  the  surface, 
the  sides  are  vertical,  and  the  area  of  the  surface  is  200  sq.  ft.;  what  amount 
of  available  energy  will  such  a  reservoir  store  up  and  give  out  ? 

64.  Explain  how  the  means  of  using  the  energy  stored  by  water  differ 
from  the  means  of  using  the  energy  of  a  raised  weight — why,  in  fact,  a 
reservoir  of  water  could  not  be  used  to  drive  a  clock. 
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GOVERNING  AND  CONTROLLING  MACHINES. 
Uniform  Effort. 

60.  The  fusee. 

61.  The  running-pulley. 

62.  The  differential  motion, 

Ex.  65.  Show  how  to  design  a  fusee  so  as  to  equalize  the  turning-effort 
exerted  by  a  coiled  spring. 

66.  Supposing  that  a  spring  is  not  contained  in  a  cylinder  but  open,  as 
in  an  American  clock,  what  will  be  the  nature  of  the  proper  curve  for  the 
fusee  ? 

67.  Describe  some  of  the  various  purposes  for  which  a  running-pulley 
or  the  differential  motion  are  used  to  equalize  effort. 

Variable  Resistance. 

63.  The  fly  governor. 

64.  The  friction  governor. 

65.  The  pendulum  and  balance-wheel. 

66.  Conditions  under  which  the  time  of  oscillation  is  constant. 

67.  The  functions  of  the  escapement. 

68.  The  dead-beat  escapement. 

Ex.  68.  Will  the  fly  governor  or  the  friction  governor  maintain  absolute 
uniformity  of  motion  when  the  relation  between  the  driving-effort  and  the 
resistance  on  the  machinery  is  variable  ? 

69.  How  do  these  governors  affect  the  efficiency  of  a  machine  ? 

70.  Supposing  that  it  requires  a  turning-effort  of  t  to  drive  a  fly- 
governor  at  n  revolutions  per  second,  what  effort  will  be  required  to  drive 
it  at  n+dn  revolutions  per  minute,  the  arms  being  fixed  ? 

71.  Explain  the  advantage  gained  by  making  the  arms  movable. 

72.  State  the  requisites  of  a  good  escapement,  and  point  out  how  far 
these  requisites  exist  in  the  dead-beat  escapements  of  clocks,  the  lever 
escapement  of  watches,  the  chronometer  escapement,  and  the  gravity 
escapement. 
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Machines  driven  by  Fluid  Pressure. 

69.  Watt's  pendulum  governor. 

70.  Porter's  high-speed  governors. 

71.  Fluid  governors. 

72.  Indicating  governors,  used  for  water-wheels. 

Differential  Governors. 

73.  The  fly  governor. 

74.  The  friction  governor. 

75.  The  tendency  of  all  such  governors  to  cause  vibration. 

Ex.  73.  Explain  the  action  of  the  common  pendulum  governor ;  also 
the  high-speed  governors  and  Siemens's  governors,  and  point  out  the  ad- 
vantage of  the  latter. 

74.  At  what  speed  must  common  governors  revolve  so  that  the  valve 
may  be  open  when  the  arms  are  inclined  at  30°  to  the  vertical  ? 

75.  What  will  be  the  speed  if  the  balls  weigh  10  Ibs.  and  support  a 
weight  of  100  Ibs.  which  moves  up  and  down  twice  as  fast  as  they  do  ? 

76.  The  arms  of  one  of  Porter's  high-speed  governors  are  centred  in  the 
spindle  ;  they  are  6  inches  long  and  the  weight  of  the  balls  on  their  ends 
is  *5  Ib. ;  the  weight  on  the  spindle  is  60  Ibs. :  determine  the  speed  of 
rotation  in  order  that  the  arms  may  be  inclined  at  30°  to  the  spindle. 
The  weight  of  the  arms  is  to  be  neglected. 

77.  Explain  how  it  is  that  differential  governors  are  particularly  liable 
to  cause  periodic  fluctuations  in  the  speed  of  the  machinery  they  govern. 

78.  How  may  these  fluctuations  be  prevented  ? 


BALANCING-MACHINERY. 

76.  The  causes  of  vibration. 

77.  The  natural  period  of  vibration, 
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78.  The  alteration  of  the  natural  period  of  vibration  by  loading 
a  structure. 

79.  The  prevention  of  oscillation. 

80.  The  oscillations  which  arise  from  a  variable  driving-force. 

81.  The  forces  caused  by  the  inertia  of  the  parts. 

82.  The  use  of  balance-weights  to  counteract  these  forces. 

Ex.  79.  Describe  the  principal  causes  of  vibration  in  machines,  and  the 
means  adopted  to  prevent  their  destructive  effects. 

80.  In  a  locomotive  the  pistons  weigh  300  Ibs.  each,  the  connecting-rods 
100  Ibs.  (their  centres  of  gravity  being  at  their  middle  points),  the  weight 
of  the  unbalanced  portions  of  the  cranks  is  200  Ibs.,  the  cranks  are  10 
inches  long  at  right  angles  and  2  feet  apart ;  the  wheels  are  5  feet  apart, 
the  balance-weights  are  3  feet  from  the  axis,  and  so  arranged  that  the  un- 
balanced force  is  equal  in  all  directions ;  determine  the  position  and  mag- 
nitude of  the  balance-weights. 

81.  What  would  be  the  centrifugal  force  arising  from  a  cylindrical 
crank-pin  4  inches  long  and  3  inches  in  diameter,  the  length  of  the  crank 
being  10  inches,  and  the  engine  making  150  revolutions  per  minute  ?    How 
might  such  a  pin  be  balanced  by  two  weights  on  the  same  side  of  the 
crank  ? 

82.  Explain  what  would  be  the  best  place  to  put  a  weight  to  counter- 
balance the  piston  and  connecting-rod,  &c.    If  the  piston  weighs  2000  Ibs., 
the  connecting-rod  (assumed  to  be  uniform)  weighs  1500  Ibs.,  and  the 
crank-pin  200  Ibs.,  find  the  position  and  weight  that  might  be  best  em- 
ployed. 

83.  In  a  locomotive  the  pistons  weigh  2  cwt.  each,  the  connecting-rods 
2  cwt.  each,  and  the  cranks  2  cwt.  each ;  the  middle  of  either  of  the  crank- 
pins  is  3  ft.  4  in.  from  one  wheel  and  1  ft.  6  in.  from  the  other,  the  centre 
of  gravity  of  the  crank  is  in  the  axis  of  the  crank-pin  :  find  the  proper 
weights  and  their  positions  on  each  wheel  to  most  effectively  balance  the 
machinery. 

84.  Are  there  any  other  considerations  besides  the  weight  and  the 
motion  of  the  moving  pieces  which  should  affect  the  counterbalances  for 
machinery  ? 

85.  Explain  under  what  conditions  a  vibrating  load,  such  as  that  caused 
by  the  marching  of  soldiers,  endangers  the  safety  of  a  structure. 

86.  If  a  light  beam  supporting  a  load  of  one  ton  in  its  middle  vibrates  so 
as  to  make  three  oscillations  in  a  second,  how  many  oscillations  would  it 
make  when  supporting  two  tons  ? 
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HYDRAULICS. 

PRELIMINARY. 

83.  The  difficulty  of  forming  a  conception  of  the  external 
motion  of  a  fluid. 

84.  The  forces  which  act  on  a  fluid. 

85.  Weight. 

• 

86.  Pressure. 

87.  Inertia. 

88.  Surface-tension. 

89.  Instances  of  the  importance  of  this  latter. 

Ex.  87.  What  is  the  weight  of  a  cubic  foot  of  water  ? 

88.  If  a  6"-pipe  60  feet  long  has  a  flat  bottom,  square  across,  what  will 
be  the  pressure  on  this,  (1)  if  the  pipe  is  vertical,  (2)  if  inclined  at  30°  to 
the  horizon  ? 

89.  What  would  be  the  pressure  on  one  side  of  a  rectangular  vertical 
plate  or  valve  20  feet  long  and  extending  downwards  to  a  distance  of  7  feet 
below  the  surface  ? 

90.  Explain  what  is  meant  by  the  centre  of  pressure  on  a  surface. 

91.  Supposing  that  the  plate  in  question  (88)  were  hinged  at  the  surface, 
what  amount  of  horizontal  force  would  it  be  necessary  to  apply  to  the 
lower  edge  in  order  to  open  it  ? 

92.  What  would  be  the  whole  pressure  on  one  side  of  a  circular  plate 
5  feet  in  diameter,  and  inclined  at  30°  to  the  horizontal,  if  its  upper  edge 
were  just  10  feet  below  the  surface  of  water  ? 

93.  Explain  what  is  meant  by  the  term  "  head  "  in  hydraulics. 

94.  The  vacuum  in  the  condenser  of  a  marine  engine  is  26£  inches  of 
mercury,  and  the  injection-orifices  are  6  feet  below  the  sea-level ;  with 
what  velocity  will  the  injection-water  enter  the  condenser,  neglecting  re- 
sistances ? 

95.  Define  the  coefficients  of  velocity  and  resistance ;  and  prove  the 
relation  which  connects  them. 

96.  The  velocity  of  water  issuing  from  an  orifice  under  a  head  of  4  feet 
is  observed  to  be  10  feet  per  1";  find  the  coefficient  of  resistance. 
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97.  The  resistance  of  well-formed  ships  being  found  to  be  1  pound  per 
square  foot  of  surface  at  a  speed  of  10  knots  per  hour,  find  the  engine- 
power  to  drive  a  ship  having  6000  square  feet  of  submerged  surface  at  a 
speed  of  20  knots. 

98.  State  briefly  the  laws  of  the  friction  of  fluids,  as  determined  by  ex- 
periment. 

99.  Deduce  an  expression  for  the  flow  of  water  in  a  channel  of  uniform 
section,  the  friction  being  assumed  proportional  to  some  function  of  the 
mean  velocity,  represented  by/(t>). 


The  Action  of  a  Stream. 

90.  The  motion  of  a  free  stream  of  fluid. 

91.  The  motion  of  fluid  in  a  pipe  without  friction.    Bernoulli's 
theorem. 

92.  The  effect  of  discontinuity  in  the  curvature  of  the  surface 
in  contact  with  which  the  fluid  is  moving. 

Ex.  100.  Explain  what  is  meant  by  the  continuity  of  a  fluid. 

101.  What  circumstances  insure  the  continuity  of  a  fluid  in  a  vessel  or 
a  pipe  ?     Apply  your  answer  to  the  suction-pipe  of  a  pump. 

102.  Prove  that  in  any  perfectly  smooth  pipe,  in  which  there  are  no 
sudden  alterations  of  form,  the  value  of  the  expression 


is  the  same  for  all  points  in  the  pipe. 

103.  In  a  horizontal  pipe  of  variable  diameter  discharging  10  cubic  feet 
per  second,  what  will  be  the  pressure  at  a  point  where  the  diameter  is  4 
inches,  if  the  pressure  is  100  Ibs.  on  the  square  inch  at  a  point  where  the 
diameter  is  6  inches  ? 

104.  The  pressure  in  a  6-inch  pipe  at  a  point  A  being  p,  and  the  pipe 
then  contracting  to  a  3-inch  pipe  at  the  point  J9,  the  rise  from  A  to  B 
being  two  feet  and  the  discharge  Q  cubic  feet  per  minute,  what  will  be 
the  pressure  at  B  ? 

105.  Supposing  the  inclination  of  the  bed  of  a  river  to  vary,  being 
greater  in  some  places  and  less  in  others,  show  by  a  sketch  at  what  points 
in  the  channel  the  water  would  be  deepest,  the  breadth  of  the  channel 
being  uniform. 

106.  Obtain  a  formula  for  the  discharge  from  a  pipe  of  given  length  and 
diameter  under  a  given  head. 

107.  Calculate  the  discharge  per  V  from  a  pipe  2  feet  diameter  and  4000 
feet  long  under  a  head  of  80  feet,  using  a  coefficient  suitable  for  a  clean 
iron  pipe  of  that  diameter. 

108.  Enumerate  all  the  losses  of  head  which  take  place  when  water 
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flows  through  a  ^ipe  containing  a  sudden  enlargement  followed  by  a  con- 
traction to  the  original  diameter,  the  length  of  each  portion  of  the  pipe 
being  supposed  many  times  its  diameter.  Give  formulae  for  determining 
approximately  the  amount  of  each  loss. 

109.  Explain  the  Cause  of  the  loss  of  head  occasioned  by  a  sudden  en- 
largement in  a  pipe  ;  and  employ  the  principle  of  momentum  to  determine 
its  amount. 

110.  A  pipe  4  inches  diameter  is  suddenly  enlarged  to  6  inches  dia- 
meter ;  find  the  power  necessary  to  force  300  gallons  per  1'  through  the 
sudden  enlargement. 

111.  Calculate  the  quantity  of  water  conveyed  by  a  channel  4  feet  deep, 
18  feet  wide  at  top,  7  feet  wide  at  bottom,  the  inclination  of  the  surface 
being  18  inches  per  mile.     Coefficient  of  friction  to  be  taken  at  0-008. 

112.  When  water  is  discharged  from  an  orifice  having  an  area  a,  the 
actual  discharge  is  always  less  than  a  */2gh,  which  is  sometimes  called  the 
theoretical  discharge.     Explain  the  causes  of  the  reduction  (1)  if  the  ori- 
fice is  formed  in  a  thin  plate,  (2)  if  it  consists  of  a  short  cylindrical  mouth- 
piece, stating  the  magnitude  of  the  effects  both  on  the  quantity  and  on 
the  velocity  of  the  effluent  water. 

113.  A  pipe,  12  inches  diameter,  is  laid  with  a  virtual  slope  of  12  feet 
per  mile  :   find  how  much  water  it  would  discharge  in  cubic  feet  per 

second.     The  coefficient  of  friction  may  be  taken  aty='005  (1+  —  ). 

114.  If  hl  and  h2  represent  the  depths  below  the  surface  of  the  top  and 
bottom  of  a  rectangular  orifice  in  the.  vertical  side  of  a  vessel  containing 
water,  prove  that  the  discharge,  without  taking  friction  or  contraction  into 
account,  is  given  by 


115.  Find  the  corresponding  value  of  Q  for  a  triangular  notch  of  depth 
h  and  breadth  b. 


The  Impulsive  Action  of  a  free  Stream  of  Water. 

93.  On  a  perpendicular  vane. 

94.  On  an  inclined  vane. 

95.  On  a  curved  vane. 

96.  On  a  moving  vane. 

97.  The  graphic  method  of  finding  the  proper  direction  for  the 
lips  of  vanes. 

Ex.  116.  Prove  that  when  water  issues  from  an  orifice  with  a  velocity 
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=  \/2ffh,  the  reaction  on  the  vessel =—^-,  where  a  is  the  area  of  the 

orifice  and  D  the  weight  of  a  cubic  foot. 

117.  If  a  railway-truck  full  of  water  were  proceeding-  at  10  miles  an 
hour,  and  the  water  were  flowing  freely  from  a  hole  2"  square  in  the  front 
2  feet  below  the  surface,  what  would  be  the  retarding  force  on  the  train  ? 

118.  A  jet  of  water  delivers  100  gallons  per  1'  which  impinges  against 
an  indefinite  plane  inclined  at  an  angle  of  30°  to  the  direction  of  the  jet : 
find  the  total  pressure  on  the  plane,  on  the  supposition  that  the  plane  is 
smooth.     How  is  the  result  affected  by  friction  ? 

119.  If  AS  and  SC  are  two  lines  inclined  at  30°,  and  a  jet  of  water 
moves  in  the  direction  AS  with  a  velocity  of  20ft.  per  second,  and  a 
vane  moves  in  the  direction  CS  with  a  velocity  of  10  ft.  per  second ;  show 
how  to  find  the  form  of  the  vane  so  that  the  water  may  come  on  to  it  tan- 
gentially,  and  leave  it  in  SD  perpendicular  to  CS.    Also  find  the  effort 
of  the  water  on  the  vane. 


The  Action  of  an  enclosed  Stream  of  Water  on  Revolving  Vanes. 

98.  The  centrifugal  force. 

99.  The  difference  in  the  velocity. 

Ex.  120.  Find  the  centrifugal  force  of  a  vortex  formed  in  a  cylindrical 
vessel  by  revolving  about  the  axis  of  the  vessel. 

121.  A  straight  pipe  is  revolving  about  an  axis  perpendicular  to  its 
direction,  the  pressure  of  the  fluid  at  the  point  in  which  the  axis  cuts  it 
is  p ;  find  the  pressure  at  a  point  distant  a  from  this. 

122.  In  the  last  question,  would  the  pressure  be  affected  by  any  velocity 
the  water  might  have  along  the  pipe  ? 

123.  At  one  point  within  a  turbine  the  water  has  a  velocity  of  whirl  wl 
and  velocity  of  flow  vv  at  another  point  it  has  a  velocity  of  whirl  tv2  and 
a  velocity  of  flow  v2,  v^  and  v2  are  the  respective  distances  of  these  points 
from  the  axis ;  find  the  difference  of  pressure  at  the  two  points. 


The  Pressure-Engine. 

100.  The  relation  between  the  size  and  power  of  the  pressure- 
engine. 

101.  The  necessity  for  slow  motion. 

102.  The  efficiency. 
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103.  The  equilibrium-valves. 

104.  Armstrong's  relief-valves. 

Ex.  124.  What  is  the  relation  between  the  weight  of  the  cylinder  of  a 
pressure-engine,  the  power  it  transmits,  and  the  speed  of  the  piston  ? 

125.  If  in  working  a  pressure-engine  at  such  a  speed  as  to  give  3  H.P. 
the  loss  of  head  by  friction  is  equivalent  to  1  H.P.,  to  how  much  will  the 
loss  of  head  be  equivalent  if  the  engine  is  worked  fast  enough  to  give  10 
H.P.,  the  pressure  of  the  water  and  all  other  things  being  the  same  as 
before  ? 

126.  Explain  the  difference  between  the  requirements  for  the  valves  of 
a  water-pressure  engine  and  those  for  a  steam-engine. 

127.  Explain  the  object  of  equilibrium -valves  in  a  pressure-engine. 

Vertical  Water-wheels. 

105.  Overshot  water-wheel. 

106.  Breast-wheel. 

107.  The  ventilation  of  the  buckets. 

108.  Undershot  wheels. 

109.  Poncelet's  wheel. 

Ex.  128.  What  limits  the  speed  of  a  vertical  water-wheel  ? 

129.  What  is  found  to  be  the  most  useful  velocity  for  the  water  to  enter 
the  buckets  ? 

130.  State  the  ordinary  rules  for  the  size  of  overshot  wheels  and  pitch- 
back  wheels. 

131.  For  what  depths  of  fall  are  overshot  and  pitch-back  wheels  re- 
spectively adapted. 

132.  Describe  Poncelet's  undershot  water-wheel.     In  what  respects  is 
it  better  than  that  with  radial  floats  ? 

Show  how  to  find  the  angle  the  tangent  to  the  floats  at  their  outer 
extremity  should  make  with  the  radii  of  the  wheel. 

133.  State  the  efficiency  of  the  different  classes  of  water-wheels. 

Turbines. 

110.  The  impulse-turbine. 

111.  Parallel-flow  turbine. 
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112.  Inward  and  outward  flow  turbines. 

113.  Compound  turbines. 

114.  The  friction  of  turbines  and  their  efficiency. 

Centrifugal  Pumps. 

115.  Various  forms  of  centrifugal  pumps. 

116.  Appold's  pump. 

117.  The  theory  of  centrifugal  pumps  —  the  same  as  turbines. 

Ex.  134.  A  parallel-flow  turbine  passes  20  cubic  feet  of  water  per  second 
under  a  head  of  5  feet  j  the  external  diameter  of  the  turbine  is  5  feet  :  find 
the  internal  diameter  and  the  speed  of  rotation. 

135.  In  a  vortex-turbine  the  depth  of  the  wheel  is  *6  of  the  diameter, 
and  the  combined  area  of  the  orifices  through  which  the  water  enters  the 
wheel  is  ^  the  diameter  squared  ;  find  the  size  and  speed  of  the  wheel 
in  terms  of  the  head  and  quantity  of  water. 

136.  It  is  necessary  that  the  water  in  the  centrifugal  pump  should  at 
one  part  of  its  course  have  considerable  velocity  of  whirl,  if  it  be  allowed 
to  leave  the  pump  with  this  velocity  the  actual  energy  will  be  lost.     De- 
scribe the  two  methods  by  which  this  energy  can  be  rendered  available 
work. 

137.  If  R=  external  radius,  r=internal  radius,  i=thickness,  3T=num- 
ber  of  revolutions  per  minute,  find  the  values  of  R,  r,  L,  and  JVfor  Appold's 
and  G  Wynne's  pumps  to  raise  700  cubic  feet  per  minute  30  feet,  if 

For  Appold's. 
•OUX 


=  V  30x64 


Far  Gwynne's. 
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PNEUMATICS. 

118.  The  relation  between  the  velocity  of  the  wind  and  its 
pressure  on  a  surface  either  perpendicular  or  inclined. 

• 

119.  Windmills.    Smeaton's  rules. 

120.  Blowing-fans. 

Ex.  138.  Taking  the  weight  of  a  cubic  foot  of  air  to  be  -08  lb.,  what 
would  be  the  pressure  of  a  wind  against  a  perpendicular  surface  having  an 
area  of  4  square  feet  ? 

139.  By  what  law  does  the  force  of  the  wind  on  a  perpendicular  sur- 
face increase  with  its  velocity  ? 

140.  The  wind  blows  so  as  to  cause  a  pressure  P  against  a  surface  per- 
pendicular to  it,  what  would  be  the  pressure  if  this  surface  was  inclined 
at  40°? 

141.  If  a  short  surface  is  exposed  obliquely  to  the  wind,  how  will  the 
pressure  be  distributed  over  the  surface  ? 

142.  What  would  be  the  proper  size  and  speed  for  a  fan  to  discharge 
a  blast  of  200  cubic  feet  per  second  against  a  pressure  of  8  inches,  the 
allowance  for  friction  to  be  25  per  cent.  ? 


THE  STEAM-ENGINE. 

The  Theory  of  Steam. 

121.  The  first  law  of  thermodynamics. 

122.  The  graphic  representation  of  the  first  law. 

The  Laws  connecting  the  Temperature  and  Volume  of  Matter  in  the 
Solid,  Liquid,  and  Gaseous  States. 

123.  The  apparent  specific  heat  of  a  substance. 

124.  The  work  done  in  expansion. 

125.  The  real  specific  heat. 

126.  The  law  of  expansion  of  solids. 
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127.  The  latent  heat  of  fusion. 

128.  The  expansion  of  liquids.    Points  of  maximum  density. 

129.  Boiling-points. 

130.  The  latent  heat  of  boiling  water. 

Ex.  143.  Give  a  graphic  representation  of  the  first  law  of  thermody- 
namics. 

144.  Define  a  unit  of  heat.     Under  what  circumstances  can  the  change 
of  temperature  of  a  quantity  of  matter  be  taken  to  represent  the  change 
of  the  quantity  of  heat  in  that  matter  ? 

145.  Under  what  circumstances  can  matter  receive  heat  without  under- 
going any  increase  of  temperature  ?     What  is  the  name  for  the  heat  thus 
received  ? 

146.  How  was  the  following  formula  established  ? — 

jHr=1091-7+'305  (T°-32). 

147.  How  much  heat  would  be  required  to  evaporate  1  cubic  foot  of 
water  into  steam  at  the  pressure  of  the  atmosphere,  the  initial  temperature 
of  the  water  being  60°  ? 

The  Expansion  of  Gases. 

131.  The  laws  of  Boyle  and  Charles,  and  the  definition  of  a 
perfect  gas. 

132.  The  determination  of  the  absolute  zero  of  temperature. 

133.  Specific  heat  at  constant  volume. 

134.  Specific  heat  at  constant  pressure. 

135.  The  difference  between  steam  and  a  perfect  gas.    The 
law  of  boiling-points. 

136.  The  distinction  between  saturated  steam  and  superheated 
steam. 

137.  The  adiabatic  law  for  a  perfect  gas. 

138.  The  isothermal  law. 

139.  The  adiabatic  law  for  steam. 

140.  The  laws  of  expansion  in  a  jacketed  cylinder  both  for 
dry  and  wet  steam. 

F,2 
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Ex.  148.  What  are  the  laws,  and  the  names  of  their  discoverers,  which 
determine  a  perfect  gas  ? 

149.  Does  saturated  steam  approach  more  nearly  to  a  perfect  gas  at  a 
low  than  at  a  high  temperature,  or  vice  versa  ? 

150.  What  is  the  coefficient  of  expansion  of  air  at  32°  ?    How  is  this 
related  to  the  absolute  temperature  of  the  air  ? 

151.  Explain  the  difference  between  the  specific  heat  of  a  gas  at  constant 
volume  and  its  specific  heat  at  a  constant  pressure. 

152.  If  the  specific  volume  of  a  certain  gas  at  a  pressure  of  1473  Ibs.  on 
the  square  inch  and  a  temperature  of  32°  is  10  cubic  feet  and  the  specific 
heat  at  constant  volume  is  *4,  show  that 


153.  What  is  the  difference  between  the  real  and  the  apparent  specific 
heat  of  a  substance  ?     In  what  way  does  the  real  specific  heat  vary  with 
the  temperature  ? 

154.  When  perfect  gas  is  expanded  in  the  ratio  r  without  receiving  or 
losing  heat,  what  is  the  variation  in  the  temperature  ? 

155.  Find  the  absolute  zero  of  tempera  ture  from  the  following  experi- 
mental data:  —  Under  a  pressure  of  2116*4  pounds  on  the  square  foot,  and 
at  32°,  the  volume  of  one  pound  of  air  is  12-387  cubic  feet,  whereas  at  104° 
it  is  14-2  cubic  feet. 

156.  Deduce  the  specific  gravity  of  steam,  on  the  assumption  of  its 
being  a  perfect  gas,  from  the  following  data,  in  addition  to  that  of  the 
previous  example  :  —  Under  a  pressure  of  14*7  pounds  on  the  square  inch, 
and  at  a  temperature  212°,  the  volume  of  1  Ib.  of  steam  is  26*36  cubic  feet. 

157.  If  a  closed  vessel  containing  air  and  water,  initially  at  a  tempera- 
ture of  32°  and  at  a  pressure  of  14*7  Ibs.  on  the  square  inch,  be  raised  to 
212°,  what  will  be  the  pressure  within  it? 

158.  If  K,,  and  Kp  represent  the  mechanical  equivalents  of  the  specific 
heats  of  a  gas,  and  if  T,  p,  v  represent,  respectively,  the  absolute  tempe- 
rature, pressure,  and  volume  of  the  gas,  show  that 


159.  If  the  specific  volume  of  a  certain  mixture  of  steam  and  water  at 
a  pressure  of  40  Ibs.  on  the  square  inch  was  10*13  cubic  feet,  and  when 
allowed  to  exptod  to  a  pressure  of  20  Ibs.  without  gaining  or  losing  heat 
its  volume  was  18*9  cub.  ft.  ;  show  that  if  pv^  —  E  is  the  equation  to  the 
adiabatic  curve  for  the  mixture,  y=^  and  .#=75456. 

160.  If  a  cubic  foot  of  superheated  steam  at  a  pressure  of  60  Ibs.  be  ex- 
panded in  a  hot  vessel  so  that  its  temperature  keeps  constant, 

(1)  What  will  be  its  volume  when  the  pressure  is  15  Ibs.  ? 

(2)  What  work  will  have  been  done  during  the  expansion  ? 

(3)  How  much  heat  will  the  steam  have  received  from  the  sides 

of  the  vessel  ? 

161.  When  steam  and  water  expand  in  a  non-conducting  cylinder,  what 
is  the  relation  between  pressure  and  volume  ? 
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The  External  Work  done  by  Gas. 

141.  The  second  law  of  thermodynamics. 

142.  The  maximum  efficiency  of  a  steam-engine. 

143.  The  use  of  the  regenerator. 

Ex.  162.  Show  that  In  any  reversible  engine  the  efficiency 


163.  Does  an  engine  working  with  a  regenerator  approximately  fulfil 
the  conditions  of  a  reversible  engine  ? 

164.  The  available  heat  of  a  pound  of  coal  is  7,000,000  ft.  -Ibs.    Find 
the  least  consumption  of  coal  per  I.H.P.  theoretically  possible  in  a  con- 
densing-engine  working  at  a  pressure  of  69£  Ibs.  per  square  inch,  the  cor- 
responding temperature  being  given  as  302°  F. 

165.  What  would  be  approximately  the  relative  efficiency  of  two 
engines  A  and  J?,  similar  in  all  respects  except  that  A  works  with  steam 
at  a  pressure  of  60  Ibs.  and  a  temperature  of  292°,  and  B  receives  steam 
at  a  pressure  of  115  Ibs.  and  temperature  338°,  both  engines  expanding  to 
the  pressure  of  the  condenser,  namely  5  Ibs.  at  a  temperature  of  163°  ? 

166.  In  what  way  must  the  temperature  of  the  feed-  water  for  a  steam 
boiler  be  raised  in  order  to  secure  the  maximum  efficiency  ? 

167.  Describe  carefully  the  cycle  of  operations  in  a  perfect  steam- 
engine  ;  and  deduce  the  formula  connecting  the  latent  heat  of  evaporation 
of  a  fluid  with  its  density  and  temperature.     Calculate  roughly  the  specific 
volume  of  steam  at  212°,  being  given  — 

Pressure  at  211°  =  14-396  Ibs.  per  square  inch. 
213°  =  14-98        „ 

168.  The  temperature  of  a  pound  of  water  is  raised  from  60°  to  400°, 
and  the  water  is  then  completely  evaporated,  the  volume  of  the  resulting 
steam  being  1-84  cubic  foot  and  its  pressure  250  Ibs.  per  square  inch; 
find  in  thermal  units  the  expenditure  of  heat  ;  and  calculate  how  much 
is  expended  in  internal  and  external  work  respectively. 

169.  If  the  law  which  gives  the  boiling-points  of  a  fluid  at  different 
pressures  is 


express  the  latent  heat  of  the  fluid  in  terms  of  p  and  T. 

For  water,  ,4=8-2591,  .#=2731-5,  and  C=896945.    Find  the  latent 
heat  when  p=>  2116. 
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The  Calculations  for  Steam-Engines. 

144.  The  unjacketed  engine. 

145.  The  jacketed  engine  working  with  dry  steam. 

146.  The  jacketed  engine  working  with  wet  steam. 

147.  The  engine  working  with  superheated  steam. 

148.  The  temperature  of  the  feed-water. 

Ex.  170.  In  a  jacketed  engine,  working  without  cushioning,  the  pres- 
sure of  admission  is  79  Ibs.  per  square  inch,  the  ratio  of  expansion  4*85, 
and  the  feed-water  is  taken  from  the  condenser  at  a  temperature  of  104°  ; 
find  the  efficiency. 

171.  Explain  carefully  how  the  process  differs  from  that  of  a  perfect 
engine,  and,  by  aid  of  Rankine's  tables,  calculate  the  loss  of  energy  per 
Ib.  of  steam  consequent  on  its  imperfection. 

172.  What  would  be  the  size  of  the  cylinder  of  a  steam-engine  to  give 
10  I.H.P.  when  making  60  revolutions  per  minute,  the  cylinder  being 
jacketed,  the  initial  pressure  p^=  100  Ibs.  (square  inch),  the  ratio  of  ex- 
pansion r=10,  the  backpressure^  =5,  and  the  initial  volume  of  1  Ib.  of 
the  steam  being  ^=4-3  t 

173.  How  many  units  of  heat  would  be  required,  the  final  temperature 
of  the  steam  being  188°  and  the  initial  temperature  of  the  water  60°  ? 

174.  Steam  at  the  pressure  of  90  Ib.  per  square  inch  (absolute)  is  cut 

1  0 

off  at  one  eighth,  the  expansion  curve  is  of  the  form  pv  »  =  const.,  and 
at  the  end  of  the  expansion  the  steam  is  found  to  be  dry  and  saturated  j 
find  the  heat  supplied  per  Ib.  of  steam  during  expansion. 

175.  Ifpvy=A,  and  if  steam  be  admitted  into  the  cylinder  at  a  pres- 
sure PI  expanded  in  the  ratio  r,  and  p,  be  the  back  pressure,  then,  Jf  U 
represents  the  useful  work  per  pound  of  steam,  show  that 


. 

176.  What  would  be  the  theoretical  efficiency  of  the  steam  in  an 
engine  if  p,  =12940,  r=9,  y=j,  ^4  =  80243,  ^3=  800,  the  heat  of  evapo- 
ration being  950,000  mechanical  units  ?    How  much  would  this  fall  short 
of  the  maximum  efficiency  ? 

177.  Find  the  expenditure  of  heat  per  ft.-lb.  of  work  in  a  steam-engine 
when  superheated'  steam  at  a  pressure  of  100  Ibs.  and  a  temperature  of  600° 
is  used,  the  expansion  being  in  the  ratio  10,  with  a  back  pressure  of  5  Ibs. 
on  the  square  inch. 

178.  Which  of  the  three  following  methods  of  using  steam  has  the 
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highest  theoretical  efficiency  ? — (1)  in  a  non-conducting  cylinder ;  (2)  in 
a  jacketed  cylinder,  the  steam  being  dry;  (3)  in  a  jacketed  cylinder,  the 
steam  being  wet. 

179.  In  what  respects  does  the  theoretical  differ  from  the  practical  effi- 
ciency of  these  various  methods  ? 

180.  How  much  work  per  Ib.  of  dry  steam  would  be  lost  by  only 
expanding  to  a  pressure  of  10  Ibs.  instead  of  5  Ibs.,  the  back  pressure  being 
5  Ibs.  in  both  cases  ? 

181.  If  there  is  a  sudden  expansion  of  the  steam  between  the  boiler 
and  the  cylinder — that  is  to  say,  if  the  steam  is  wire-irawn — from  60  to  40 
Ibs.,  what  will  be  the  loss  of  work  per  Ib.  of  steam  ?     In  this  case,  is  the 
whole  work  of  expansion  lost  ? 


The  Flow  of  Gases. 

149.  The  discharge  from  an  orifice. 

150.  The  discharge  along  a  pipe. 

151.  The  effect  of  friction  on  the  temperature  of   steam. 
Wire-drawn  steam. 

Ex.  182.  When  dry  steam  rushes  into  the  atmosphere  through  an  orifice 
offering  no  sensible  frictional  resistance,  show  that  the  discharge  per  square 
inch  of  area  is  approximately  proportional  to  the  33rd  power  of  the  34th 
root  of  the  absolute  pressure,  that  pressure  being  at  least  25-5  Ibs.  per 
square  inch. 

183.  State  the  rough  rule  for  calculating  the  discharge,  and  apply  it  to 
find  the  diameter  of  an  orifice  sufficient  to  discharge  the  steam  from  a 
boiler  evaporating  100  cubic  feet  per  hour  at  a  pressure  of  55  Ibs.  above 
the  atmosphere. 

184.  The  pressure  of  steam  is  reduced  by  wire-drawing  from  90  Ibs.  on 
the  square  inch  to  45^  Ibs.  on  the  square  inch,  and  the  steam  is  then  found 
to  be  dry  and  saturated  ;  how  much  suspended  moisture  did  it  originally 
contain  ? 

185.  If  steam  was  supplied  at  a  temperature  tlt  with  -   ofmoisture  in 

it,  find  an  expression  for  the  temperature  to  which  it  would  have  to  be 
"  wire-drawn  "  so  as  just  to  dry  up  the  moisture. 


Theory  of  Compressed  Air. 

152.  The  efficiency  of  compressed  air  in  an  engine. 

153.  The  work  spent  in  compressing  air. 
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154.  The  effect  of  cooling  the  air  between  compression  and 
expansion. 

Ex.  186.  If  air  is  pumped  into  a  vessel  in  which  the  pressure  is  p2  Ibs. 
above  the  atmosphere,  and  if  vx  represents  the  initial  volume  of  1  Ib.  of 
air,  and  the  relation  between  pressure  and  volume  is 

A 


find  the  work  required  for  each  pound  of  air  pumped  into  the  cylinder. 

187.  Air  at  68°  is  compressed  to  a  pressure  of  4  atmospheres  ;  it  is  then 
cooled,  and  expanded  again  to  the  pressure  of  the  atmosphere.  What  will 
be  the  loss  of  work  ? 

188.  What  advantage  would  be  gained  by  keeping  the  air  cool  during 
compression  ? 


THE  GENERATION  OF  STEAM. 
The  Theory  of  Fuel. 

155.  The  composition  of  coal. 

156.  The  air  required  for  the  combustion  of  coal. 

157.  The  manner  of  combustion. 

158.  The  heat  of  combustion. 

159.  The  useful  and  lost  heat. 

Ex.  189.  What  do  you  understand  by  complete  combustion  ?  and  what 
are  the  conditions  under  which  it  can  be  realized  ? 

190.  If  h  represents  the  total  heat  to  be  obtained  from  the  complete 
combustion  of  1  Ib.  of  coal  containing  70  per  cent,  of  carbon,  5  per  cent, 
of  hydrogen,  and  4  per  cent,  of  oxygen,  what  will  be  the  value  of  h  ? 

191.  State,  in  thermal  units,  the  amount  of  heat  generated  by  the  com- 
bustion (1)  of  1  Ib.  of  hydrogen,  (2)  of  1  Ib.  of  carbon. 

192.  What  will  be  the  total  heat  of  combustion  of  1  Ib.  of  coal,  of  which 
80  per  cent,  is  carbon,  5'4  hydrogen,  1§6  oxygen  ? 

193.  What  is  the  usual  quantity  of  air  supplied  to  coal  ?  and  what  eifect 
has  water,  either  in  the  air  or  in  the  coal,  on  the  temperature  of  the  pro- 
ducts of  combustion  ? 

194.  Explain  the  evils  which  arise  respectively  from  using  too  thin  and 
too  thick  a  fire  in  such  furnaces  as  that  of  the  locomotive. 

What  amount  of  heat  is  lost  for  every  pound  of  carbonic  oxide  sent  up 
the  chimney  ? 
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195.  Supposing  the  coal  (question  190)  to  have  been  supplied  with  just 
sufficient  air  to  effect  complete  combustion,  and  Cp  to  be  the  specific  heat 
of  the  products  of  combustion,  what  will  be  the  elevation  of  temperature, 
supposing  all  the  heat  to  be  retained  ?  If  possible,  find  a  numerical  value 
for  this. 


The  Transmission  of  Heat. 

160.  The  rate  of  absorption  of  heat  by  a  surface. 

161.  The  extent  of  heating  surface  required. 

162.  The  extent  of  surface  required  for  a  condenser. 

Ex.  196.  State  the  proportions  of  heating  surface  to  the  area  of  grate 
in  the  different  classes  of  ooilers. 

197.  What  is  the  greatest  amount  of  steam  that  can  be  condensed  on  a 
copper  surface  with  water  behind  it  ? 

198.  What  is  the  rule  for  the  extent  of  surface  required  in  the  surface 
condenser  of  a  steam-engine  ? 


THE  THEORY  OF  STRUCTURES. 
The  Mechanical  Properties  of  Materials. 

163.  Weight. 

164.  Strength— four  kinds. 

165.  Pliability. 

166.  Elasticity. 

167.  Viscosity. 

199.  Describe  those  properties  of  materials  which  are  recognized  in  the 
theory  of  structures.     Also  state  shortly  the  several  functions  which  these 
properties  perform,  pointing  out  in  particular  those  properties  which  con- 
stitute strength  to  resist  a  "  dead  load  "  and  those  which  constitute  strength 
to  resist  a  shock. 

200.  Enumerate  the  different  ways  in  which  a  bar  may  be  strained, 
mentioning  those  straining  actions  the  resistance  to  which  is  proportional 
to  the  sectional  area  of  the  bar. 
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201.  Describe  generally  the  change  of  form  which  takes  place  in  a  bar 
when  stretched. 

202.  A  steel  bar  of  sectional  area  4  square  inches  and  30  feet  long  is 
found  to  be  stretched  £  inch  by  a  load  of  90,000  Ibs. ;  find  its  modulus  of 
elasticity  in  tons  per  square  inch.     Also  find,  in  tons  per  square  inch,  the 
intensity  of  the  tangential  stress  on  a  plane  inclined  at  30°  to  the  axis  of 
the  bar. 

203.  Show  that  the  effect  of  a  suddenly  applied  load  is  double  that  of 
the  same  load  when  gradually  applied. 

204.  If  an  originally  steady  load  be  suddenly  reversed,  show  that  its 
effect  is  trebled. 

205.  Does  the  strength  of  a  chain  to  resist  a  shock  depend  on  the 
strength  of  its  weakest  link  ? 

206.  If  a  rod  of  uniform  section  a  and  length  /  will  support  a  shock  of 
N  foot-pounds  longitudinally,  how  many  foot-pounds  would  a  rod  of  the 
same  length  support  if  for  half  its  length  it  had  a  uniform  section  a  and  for 
the  other  half  a  section  2a  ? 

207.  The  modulus  of  pliability  of  iron  being  20,000,000  and  the  area  of 
cross-section  of  a  rod  10,  what  will  be  the  strain  when  the  load  is  21,000  ? 

208.  A  bar  2  inches  diameter  and  10  feet  long  is  stretched  by  a  load  of 
five  tons  gradually  applied.   Determine  the  extension  of  the  bar,  assuming 
the  coefficient  of  elasticity  28,000,000  Ibs.  per  sq.  inch. 

209.  A  bar  1  inch  square  and  5  feet  long  is  stretched  by  a  weight  of 
224  Ibs.  falling  from  a  certain  height.     How  great  may  that  height  be 
without  injury  to  the  bar,  the  greatest  stress  admissible  being  9  tons  on 
the  square  inch  and  the  coefficient  of  elasticity  12,500  tons  on  the  square 
inch  ?   Explain  fully  any  hypotheses  made  in  your  answer  to  this  question, 
and  the  conditions  that  they  may  be  approximate. 

Classification  of  Complex  Structures. 

168.  Structures  the  parts  of  which  are  subject  to  direct 
strains  only.    Trusses. 

169.  Structures  in  which  the  strains  are  bending  or  twisting. 
Beams  and  journals. 

170.  Structures  in  which  the  viscosity  of  the  material  is 
called  into  play.    Masonry  and  earthwork. 


Trussed  Structures. 

171.  Roofs  and  bridges. 

172.  Rankine  and  Maxwell's  graphic  method  of  estimating  the 
forces  in  the  different  members  of  a  structure. 
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173.  The  forces  which  arise  from  a  moving  load. 

174.  The  estimate  of  the  weight  of  a  structure  before  designing 
it. 

Ex.  210.  The  rafters  of  a  roof  are  30  feet  long  and  inclined  to  the  ver- 
tical at  60° ;  their  ends  are  tied  by  two  rods  which  meet  under  the  vertex 
and  are  joined  to  it  by  a  rod,  called  a  queen-post,  7  feet  long ;  the  vertex 
of  the  roof  is  loaded  with  1  ton  :  construct  by  Rankine's  and  Maxwell's 
method  a  diagram  showing  the  forces  in  all  the  rods. 

211.  (  A  )  A  queen-roof  truss  of  timber,  comprising  2  equal  rafters  making 
angles  of  30°,  with  a  horizontal  tie-beam,  a  collar-beam  whose  length  is  £ 
the  span,  and  2  queen-pieces,  supports  at  the  foot  of  each  queen-piece  a 
vertical  load  of  1  ton,  and  also  at  each  joint  of  collar-beam  a  vertical  load 
of  4  tons.     The  weight  of  the  truss  is  neglected. 

Required  the  sense  and  amount  of  the  stress  in  each  bar  of  the  truss  : 

I.  Graphically  by  a  Maxwell's  diagram,  on  a  scale  of  not  less  than  1 

inch  to  1  ton  ; 

II.  Algebraically  by  the  method  of  sections,  taking  sin  30°=0*5, 
cot  30° =173. 

(B)  Modify  the  truss,  converting  it,  by  the  addition  of  strut-braces,  into 
a  trapezoidal  truss  adapted  to  support  unequal  loads,  e.  g.  5  tons  at  either 
one  of  the  end  joints  of  the  collar-beam  and  1  ton  at  the  other,  the  loads 
at  the  feet  of  the  queen-pieces  being  still  1  ton  at  each. 

Required  the  two  reactions  and  the  sense  and  amount  of  the  stress  in 
each  bar  and  brace  : 

I.  Graphically  by  a  Maxwell's  diagram,  on  a  scale  of  not  less  than  1 

inch  to  1  ton ; 

II.  Algebraically  by  the  method  of  sections. 

212.  A  parallel-framed  girder,  with  a  web  of  single  isosceles  triangu- 
lation  containing  6  equal  bays,  is  supported  at  two  extremities  of  a  span  of 
60  feet,  and  carries  at  each  bottom  joint  a  fixed  load  of  0'9  ton  per  bay, 
and  a  uniform  moving  load  of  7  tons  per  bay,  which  may  travel  from  either 
end  to  the  other. 

The  bars  of  the  web  are  inclined  at  30°  with  the  vertical,  sec  30°= 1*155, 
tan  30° =0-577. 

The  depth  of  the  girder  is  |  cot  30° =0*866  of  a  bay,  the  bay  being  the 
unit  of  length. 

Find,  by  the  method  of  superposition,  the  sense  and  amount  of  the  stress 
in  each  bar  and  bay,  arranging  the  work  in  a  table  properly  headed,  and 
verify  the  final  results. 

Specify  those  bars  of  the  web  which  require  to  be  counterbraced. 

213.  A  lattice-girder  200  feet  long  supports  a  load  of  4  tons  per  foot 
run,  of  which  1  tori  is  a  moving  load.      The  triangulation  is  double,  the 
rods  cross  at  90°,  there  are  9  bays,  and  one  ton  of  dead  load  is  supported 
by  the  top  flange.     Find  what  will  be  the  greatest  force  on  the  diagonals 
in  the  middle  of  the  bridge  and  at  a  point  50  feet  from  one  end,  for  any 
possible  arrangement  of  the  line  load. 
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214.  A  trussed  beam  for  an  overhead  crane  is  composed  of  a  straight 
top  beam  40  ft.  long,  3  tie-rods,  the  middle  one  of  which  is  horizontal  and 
15  ft.  long,  and  2  vertical  struts,  each  3  feet  long.     Find  the  greatest 
stress  in  the  rods  that  can  be  caused  by  a  load  of  6  tons  in  any  position. 

215.  Also  construct  a  diagram  to  show  the  relative  forces  in  the  different 
parts  of  the  structure  when  the  load  is  over  one  of  the  uprights.     The 
straight  beam  is  assumed  to  be  jointed  over  the  uprights  for  downward 
motions,  and  rigid  for  upward  motions. 

216.  Suppose  that  you  had  to  design  a  girder  to  carry  a  load  of  wl  Ibs. 
per  foot  over  a  span  of  I  feet,  before  you  could  estimate  the  strength  of  the 
girder  you  must  know  its  weight  to  add  to  the  load.    State  the  methods, 
shortly,  by  which  you  could  find  this. 

Seams  or  Girders. 

175.  The  method  of  determining  and  representing  the  bending- 
moments  and  shearing-stresses  in  a  beam. 

176.  The  proportioning  of  the  section  of  the  beam  to  the 
stresses. 

177.  The  moments  of  inertia  of  the  flanges. 

178.  The  resistance  of  the  web  to  buckling. 

179.  The  deflection  of  beams. 

180.  The  resilience  of  beams. 

Ex.  217.  Explain  carefully  the  meaning  of  the  terms  "  bending- 
moment  "  and  "  shearing-force  "  as  applied  to  a  loaded  beam. 

A  beam  AB  is  supported  at  A  and  B  and  loaded  uniformly  with  w  Ibs. 
per  foot  run  :  show  that  the  bending-moment  at  any  point  P  is  \  wAP  .  J5P, 
and  the  shearing-force  w  .  OP;  O  being  the  centre  of  the  beam. 

218.  When  a  beam  is  bent,  show  that  the  normal  stress  at  any  point  of 
the  transverse  section  varies  as  the  distance  of  the  point  from  a  straight 
line  passing  through  the  centre  of  gravity  of  the  section. 

219.  What  assumption  do  we  make  respecting  the  elasticity  of  the 
material  of  a  beam  when  we  assume  that  the  neutral  axis  of  any  section 
passes  through  the  centre  of  inertia  ? 

If  1  is  the  moment  of  inertia  of  any  section,  /the  intensity  of  the  stress 
at  a  point  distant  y  from  the  neutral  axis,  and  M  the  moment  of  stress  on 
the  section,  show  that 


220.  If  M  is  the  limit  of  the  bending-moment  for  a  square  section,  find 
what  will  be  the  greatest  bending-  moment  for  a  round  section  of  the  same 
size  and  material. 
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221.  A  cast-iron  beam  of  rectangular  section,  the  depth  of  which  is 
double  its  breadth,  is  supported  at  the  ends  and  loaded  with  a  ton  weight. 
Determine  the  necessary  sectional  area,  the  span  being  12  feet  and  the 
limiting  stress  2  tons  on  the  square  inch. 

222.  In  a  beam  of  /section  the  flanges  are  equal  and  their  joint  area 
equal  to  the  area  of  the  web  ;  the  flanges  are  thin,  so  that  they  may  be 
conceived  concentrated  in  their  centre  lines.     Determine  the  sectional 
area  of  the  beam  to  resist  a  bending-moment  of  300  inch-tons,  the  depth 
being  10  inches  and  the  limiting  stress  4  tons  on  the  square  inch. 

223.  Draw  curves  representing  graphically  the  bending-moment  and 
shearing-force  at  any  point  of  a  beam  in  the  following  cases  :  — 

(1)  Beam  fixed  at  one  end,  loaded  at  the  other  ; 

(2)  Beam  supported  at  the  ends  loaded  uniformly. 

224.  What  connection  exists  between  the  curves  of  shearing-  force  and 
bending-moment  ? 

225.  Give  the  equation  for  the  form  of  a  flanged  girder  of  uniform 
strength  to  support  a  uniformly  distributed  load,  the  thickness  and  breadth 
of  the  flanges  to  be  constant. 

226.  Explain  the  nature  of  the  stress  in  the  web  of  a  flanged  girder. 

227.  If  a  beam  20  feet  long  and  12  inches  square  is  supported  at  its  ends 
and  loaded  with  a  weight  of  two  tons  in  its  middle,  what  will  be  the 
greatest  intensity  of  shear-stress  on  a  transverse  or  horizontal  section  at 
any  point  within  the  beam  ? 

228.  Prove  that  r,  the  radius  of  curvature  of  any  section  of  a  homoge- 
neous prism,  is  given  by 

El 

r=W 

229.  And  hence  show  that,  so  long  as  the  deflection  is  small  or  the  beam 
is  parallel  to  the  axis  of  x. 


230.  If  a  beam  1  foot  square  and  20  feet  long,  and  composed  of  such 
material  that  a  stress  of  1  Ib.  on  the  square  inch  produces  a  strain  (or  cor- 
responding dilatation)  of  2  000,000'  *s  suPPorted  at  the  ends  and  loaded  with 
1  ton  in  its  middle,  find  the  least  radius  of  curvature,  and  the  deflection. 

231.  Prove  that  two  beams  which  are  similar  and  proportional  in  all 
respects,  but  of  different  sizes,  if  loaded  so  that  the  stress  at  corresponding 
points  is  the  same,  will  assume  similar  curves.     Show  also  that  the  loads 
required  to  bring  the  beams  into  such  similar  conditions  will  be  proportional 
to  the  square  of  the  length  of  the  beams  ;  and  hence  show  that  the  possible 
size  of  beams  of  any  particular  proportions  is  limited. 


Continuous  Beams  or  Girders. 

181.  The  necessity  for  exactness  in  their  construction. 

182.  The  method  of  three  moments. 
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183.  The  determination  of  the  bending-moments  in  a  trussed 
beam  or  stiffened  suspension-bridge. 

Ex.  232.  If  MU  Mv  M3  are  the  bending-moments  over  three  successive 
points  of  support,  Alf  A^  A3,  in  a  continuous  girder,  and  A.A9*rlu 
A2A3=12,  and  tol}  w2  are  the  loads  per  unit  of  length  over  ^  and  /2,  show 
that 

, 


233.  The  girders  of  a  bridge  of  two  equal  spans  are  continuous  over  the 
centre  pier.  If  a  locomotive  travel  over  the  bndge,  show  that  the  bending- 
moment  on  the  girders  at  the  centre  pier  is  given  by  the  formula 


where  W  is  the  load  on  any  axle,  r  the  distance  of  the  axle  from.  the  end 
pier  of  the  span  it  occupies,  and  I  the  length  of  either  span. 

234.  Construct  a  diagram  showing  the  bending-moment  on  any  section 
of  the  girders  for  a  given  position  of  the  locomotive. 

235.  In  what  ratio  is  the  girder  strengthened  by  making  it  continuous, 
treating  the  weight  of  the  locomotive  as  resting  on  one  pair  of  wheels  ? 

236.  If  curves  of  bending-moment  be  drawn  for  the  load  on  each  span 
of  a  uniform  continuous  beam  loaded  in  any  way,  show  that  the  theorem 
of  three  moments  may  be  expressed  by  the  equation 

Sfc+yat+jft+J^+fctS  +64,%  =o, 

li  »a 

where  ^  12  are  two  consecutive  spans,  Al  Az  the  areas  of  the  corresponding 
curves,  zl  aa  the  distances  of  the  centres  of  gravity  of  those  curves  from 
the  further  extremities  of  the  spans. 


Long  Pillars. 

184.  The  bending-moment  caused  in  the  section  of  a  strut 
when  the  direction  of  the  force  does  not  pass  through  the  centre 
of  gravity  of  the  section. 

185.  The  manner  in  which  long  pillars  deflect. 

186.  Eankine's  and  Gordan's  formulae  for  the  strength  of  long 
pillars. 

Ex.  237.  What  is  the  condition  that  the  stress  may  be  uniform  over 
the  section  of  a  pillar  or  strut  ?  If  a  homogeneous  cylinder  3  inches  in 
diameter  supports  a  load  of  100  Ibs.  on  its  end,  and  the  vertical  line  through 
the  centre  of  gravity  of  the  load  is  £  inch  from  the  axis  of  the  cylinder, 
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what  will  be  the  o'reatest  and  least  intensity  of  stress  on  any  perpendicular 
section  of  the  cylinder  ? 

238.  Into  what  classes  does  Hodgkinson  divide  pillars  ?    What  differ- 
ence would  there  be  in  the  behaviour  of  two  long  pillars  similar  in  all 
respects  but  one,  namely,  that  one  of  them  is  quite  straight  and  the  other 
slightly  bent,  as  they  are  gradually  loaded  until  they  break  ? 

239.  Show  how  the  following  formula  for  long  pillars  is  obtained, 

P..     *> 


where  P  is  the  load,  f  the  greatest  intensity  of  stress,  h  the  length  of  the 
least  diameter,  /  the  length  of  the  pillar,  S  the  area  of  the  section,  and  a  a 
constant  depending  on  the  shape  of  the  section  and  the  material. 

240.  Explain  how  it  is  that  the  strength  of  a  long  pillar  depends  on  the 
modulus  of  elasticity  of  the  material  of  which  it  is  composed,  whereas  the 
strength  of  a  beam  is  independent  of  its  modulus  of  elasticity. 

241.  Will  a  long  nillar,  if  very  nearly  straight  to  begin  with,  deflect 
gradually  as  the  load  is  increased,  or  will  it  give  way  all  at  once  ? 


Shafts  or  Journals. 

187.  The  variation  of  the  tangential  stress  in  the  section  of  a 
shaft. 

188.  The  moment  of  inertia  of  the  section  of  a  shaft. 

189.  The   relation   between  the  lateral  and   longitudinal 
shearing-force  in  a  shaft. 

190.  The  strain  of  a  shaft. 

191.  The  resilience  of  a  shaft. 

Ex.  242.  Tia  the  turning- effort  requisite  to  twist  around  bar  of  a  certain 
material ;  what  would  be  the  twisting-force  necessary  to  twist  a  square 
bar  of  the  same  material,  the  side  of  the  square  bar  being  equal  to  the 
diameter  of  the.  round  bar? 

243.  In  a  solid  round  bar  subject  to  a  twisting-stress,  what  is  the  rela- 
tion between  the  tendency  to  shear  in  directions  respectively  parallel  and 
perpendicular  to  the  axis  ? 

244.  Prove  that  the  maximum  resilience  of  a  round  bar  of  any  material 
when  subjected  to  a  twisting-force  is  f  the  maximum  resilience  of  the 
material. 
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Arches. 

192.  The  determination  of  the  inverted  catenary. 

193.  The  stability  of  a  joint  of  masonry. 

194.  Rigid  arches. 

Ex.  245.  Find  the  tensions  in  the  middle  and  ends  of  the  chains  of  a 
suspension-bridge  of  which  the  span  is  200  feet,  the  drop  of  the  chains 
30  feet,  the  weight  of  the  road  1  ton  per  foot-run,  and  the  weight  of  the 
chains  not  taken  into  account. 

246.  State  the  conditions  for  the  stability  of  a  joint  of  masonry. 

247.  If  the  material  of  a  wall  weighs  130  Ibs.  per  cubic  foot  and  tbe 
coefficient  of  friction  of  the  j  oint  is  unity,  to  what  height  above  the  base  will 
the  joints  be  stable,  supposing  the  wall  to  be  20  feet  high,  14  inches  thick, 
and  subject  to  a  horizontal  thrust  of  400  Ibs.  per  foot-run  at  its  top  ? 

248.  Distinguish  between  a  rigid  and  a  linear  arch. 

Earthwork. 

195.  The  natural  slope. 

196.  The  lateral  pressure. 

197.  The  depth  of  foundations. 

Ex.  249.  Sketch  the  curve  of  natural  slope  of  any  material  from  the 
surface  downwards ;  and  describe  the  various  properties  on  which  its 
shape  depends. 

250.  What  would  be  the  lateral  pressure  against  a  retaining  wall 
10  feet  high,  supposing  that  the  earth  weighed  100  Ibs.  to  the  cubic  foot, 
and  that  the  slope  was  1  to  2  ? 

251.  Under  what  circumstances  may  it  happen  that  earth  having  a  large 
angle  of  natural  slope  exerts  greater  pressure  against  a  retaining  wall  than 
that  of  a  softer  nature  ? 

252.  State  and  prove  the  formula  for  the  depth  at  which  foundations 
will  be  stable. 

253.  State  the  various  causes  which  often  render  it  advisable  to  carry 
foundations  below  the  depth  given  by  the  formula. 


GEOMETRICAL  DRAWING  COURSE. 


SYLLABUS  AND  EXERCISES. 


PRELIMINARY. 

l.r, The' object  of  practical  geometry,  and  its  relation  to  theo- 
retical geometry. 

2.  The  apparatus  used  for  drawing. 

3.  The  elementary  operations  of  drawing,  and  the  limits  to 
the  accuracy  with  which  a  drawing  can  be  made. 

4.  The  dividing  of  lines  and  the  construction  of  scales. 

Ex.  1.  Draw  20  parallel  lines  ^y  apart,  and  having  their  ends  in  two 
lines  1"  apart. 

2.  Construct  a  diagonal  scale  of  8  feet  to  an  inch,  to  measure  inches. 
Mark  18  feet  5  inches  on  it. 

3.  Draw  a  line  '376  foot,  measured  from  a  scale  constructed  by  yourself 
for  the  purpose. 

4.  Construct  a  scale  of  90  feet  to  an  inch. 

5.  Construct  a  diagonal  scale  of  |  to  measure  tenths  of  an  inch. 

6.  Construct  a  scale  of  ¥V  to  give  feet  and  inches  by  diagonal  division. 
Show  30  feet. 

7.  A  metre  is  3*281  feet :  construct  a  metric  scale. 

8.  A  French  drawing  is  made  to  a  scale  of  20  centimetres  to  a  metre. 
Construct  a  scale  of  feet  and  inches  suitable  for  taking  measurements  from 
the  same  drawing. 

9.  The  100-feet  chain  and  the  66-feet  chain  were  both  used  on  a  survey ; 
part  has  been  plotted  to  a  scale  of  100  feet  to  an  inch.     Construct  a  scale 
suitable  for  plotting  the  part  measured  with  the  66-feet  chain. 


GEOMETRICAL  PROBLEMS  RELATING  TO  THE 
STRAIGHT  LINE  AND  CIRCLE. 

Distances. 

5.  To  divide  the  distance  between  two  points  in  any  given 

ratio. 

p 
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6.  To  find  two  points  whose  distance  apart  shall  bear  a  certain 
ratio  to  another  distance. 

Case  1.  To  find  a  distance  equal  to  a  ratio. 
Case  2,  To  find  a  distance  equal  to  a  product. 

7.  To  find  the  side  of  a  square  which  shall  be  equal  to  a  given 
rectangle. 

Ex.  10.  Divide  a  line  3  inches  long  into  two  segments  which  shall  be  in 
the  ratio  5  :  9. 

]  1.  Divide  a  line  G  inches  long  into  three  parts  which  shall  be  in  the 
ratio  3:7:9. 

12.  Find  a  fourth  proportional  to  three  lines  which  are  3,  4,  and  5 
inches  respectively. 

13.  Divide  a  line  AB,  2"  long,  in  the  point  C,  so  that  ABxAC=BC'i. 
Also  find  BD  so  that  AC:  CB  :  :  CB  :  BD. 

14.  AS  CD  is  a  straight  line,  AS=1-?S",  2?C=3|",  CD=l$"j  pro- 

duce it  to  E  so  that  7^=~ 


15.  Find  a  mean  proportional  between  two  straight  lines  whose  lengths 
are  4"  and  2|''  respectively. 

10.  Find  an  harmonic  mean  between  two  straight  lines  whose  lengths 
nre  2"  and  4"  respectively. 


Polygons. 

8.  To  describe  a  square  on  a  given  side. 

9.  To  describe  any  regular  polygon  on  a  given  side. 

10.  To  inscribe  a  regular  polygon  in  a  circle. 

11.  To  describe  any  regular  polygon  having  a  given  area. 

12.  To  describe  an  irregular  polygon  similar  to  a  given  polygon 
on  a  given  side. 

13.  To  find  a  triangle  whose  area  shall  be  equal  to  that  of  a 
given  polygon. 
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14.  To  describe  a  polygon  similar  to  a  given  polygon  and 
having  a  given  area. 

Ex.  17.  The  three  sides  of  a  triangle  are  4",  3£",  and  3"  respectively  ; 
draw 

(1)  The  three  perpendiculars  from  the  vertices  on  the  opposite  sides. 

(2)  The  three  lines  bisecting  the  sides  and  at  right  angles  to  them. 

(3)  The  three  bisectors  of  the  angles. 

The  only  instruments  to  be  used  in  Example  17  are  the  compasses  and 
straight-edge. 

18.  Describe  the  following  figures,  the  length  of  a  side  being  1  inch  :  — 
(1)  a  heptagon;  (2)  an  octagon;  (3)  a  decagon. 

19.  The  side  of  a  regular  hexagon  is  2  inches  ;   find  the  side  of  a 
regular  octagon  inscribed  in  the  same  circle. 

20.  Draw  a  regular  pentagon  of  2  inches  side.     Describe  a  circle  to 
pass  through  all  its  angular  points  and  one  to  touch  all  the  sides. 

21.  Draw  a  polygon  ABODE  so  that  AB=2",  £C=3",  AC=4", 
CD  =  2±",VB  =  4:±",DE=1±",  CE=Z";  and  divide  it  into  three  equal 
parts  by  lines  drawn  from  D. 

22.  Construct  a  hexagon  whose  area  shall  be  equal  to  that  of  a  triangle 
the  sides  of  which  are  1,  2,  and  3  inches  length  respectively. 

23.  Construct   a  polygon    of   the  following  dimensions  :  —  AB=2", 
BC=l"-75,  CD=l"-5,  AE=3"'5,  AF=2"-25,  EF=S".     Angle  ABC= 


24.  Construct  a  square  equal  in  area  to  the  foregoing  polygon. 

25.  The  angles  of  a  triangle  are  45°,  60°,  and  75°,  and  the  perimeter 
C  inches.     Construct  it. 

26.  If  AB  C  is  a  triangle  in  which  AB=l",  BC=1%",  AC=I±";  and 
DEFG  is  a  square  of  which  DE=l":  find  two  lines  TZIand  TAT  such  that 


HI      area  of  ABC 


27.  AB=2",  CD  =  1%",  BC=l";  construct  a  pentagon  equal  in  area  to 
the  triangle  ABC. 

Represent  by  a  line  the  area  of  the  triangle  ABC. 

28.  A  field  containing  one  acre  is  in  the  form  of  an  equilateral  triangle  ; 
draw  a  plan  of  it  to  a  scale  of  one  chain  to  an  inch. 


Circles. 
Definition  of  the  locns  of  a  point. 

PROPOSITION.— In  order  to  draw  a  circle  it  is  necessary  to 
know  some  three  out  of  the  nine  things  in  the  following 
Table:— 
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1. 

A  point  on  the  cir- 
cumference. 

2. 

A  point  on  the  cir- 
cumference. 

3. 

A  point  on  the  cir- 
cumference. 

4. 
The  radius. 

5. 

A  line  on  which  the 
centre  lies. 

6. 

A  line  on  which  the 
centre  lies. 

7. 

A  line  or  circle 
touching  the  circle. 

8. 

A  line  or  circle 
touching  the  circle. 

9. 

A  line  or  circle 
touching  the  circle. 

Any  three  out  of  the  nine  will  do,  so  that  in  all  we  have  15 
problems. 

Ex.  29.  Draw  twenty  lines  radiating  from  a  point  and  making  angles  of 
18°  with  one  another. 

30.  Divide  a  circle  of  3  inches  diameter  into  13  equal  parts.    Here  every 
thing  depends  on  the  accuracy  of  the  division. 

31.  Set  out  an  angle  of  144°. 

32.  Draw  three  circles  of  1,  1*5,  and  2  inches  radii,  each  circle  touching 
the  other  two. 

33.  The  radii  of  two  circles  are  1  inch  and  ^  inch  respectively,  the  dis- 
tance between  their  centres  2^  inches ;  a  point  is  2  inches  from  the  centre 
of  the  larger  circle  and  3  inches  from  the  centre  of  the  other.     Draw  a 
circle  which  shall  pass  through  the  point  and  touch  the  two  circles. 

34.  Draw  two  circles  in  contact  with  radii  of  1"  and  0"*6  respectively, 
and  six  circles,  each  of  2"  radius,  touching  the  first  two. 

35.  The  centre  of  a  circle  whose  radius  is  2  inches  is  3  inches  from  a 
straight  line.    Draw  a  circle  of  2£  inches  radius  to  touch  the  given  line 
and  circle. 

36.  Draw  four  circles,  each  touching  the  other  three. 

37.  The  radii  of  two  circles  are  1"  and  1£"  respectively,  and  the  distance 
between  their  centres  3".     Draw  four  circles,  each  of  4"  radius,  touching 
both  of  them. 

38.  Two  lines  contain  an  angle  of  15°.     Draw  three  circles,  touching 
these  two  lines  and  one  another,  the  radius  of  the  smallest  circle  being  1 
inch. 

39.  A  is  the  centre  of  a  circle  of  2"  radius,  B  the  centre  of  one  of  1" 
radius,  CD  is  a  line  touching  these  circles ;  find  E  the  centre  of  a  circle 
touching  the  two  circles  and  the  tangent  CD. 
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40.  The  radii  of  two  circles  are  respectively  1  and   1|  inch,  and  the 
distance  between  the  centres  4  inches.     Draw  the  common  tangents. 

41.  A  cylindrical  bar  of  iron  of  2  inches  diameter  weighs  10-5  Ibs.  per 
lineal  foot ;  draw  the  circular  section  of  a  bar  of  the  same  material  which 
would  weigh  5'25  Ibs.  per  lineal  foot. 


Curves  not  circular. 

PROPOSITION.— Every  curve  is  composed  of  a  series  of  inde- 
finitely short  arcs  of  circles. 

15.  To  join  a  series  of  points  with  a  series  of  arcs  so  as  to 
form  a  continuous  curve. 


Regular  Curves. 
Definitions  of  the  cycloid,  epicycloid,  and  trochoid. 

16.  To  describe  a  cycloid. 

17.  To  describe  an  epicycloid. 

18.  To  describe  a  trochoid  or  epitrochoid.    Definition  of  the 
spirals  and  involutes. 

19.  To  describe  the  involute  to  a  circle. 

20.  The  equidistant  spiral. 

21.  The  equiangular  or  logarithmic  spiral 
Definition  of  the  catenary. 

Definitions  of  the  conic  sections,  their  axes,  foci,  directrices, 
and  eccentricity. 

22.  To  describe  an  ellipse,  hyperbola,  or  parabola  when  given 
a  focus,  directrix,  and  the  eccentricity. 

23.  To  describe  an  ellipse  when  given  the  axes, 
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24.  To  describe  an  ellipse,  hyperbola,  or  parabola,  to  touch  a 
line  in  a'given  point,  have  a  given  centre,  and  pass  through  a 
given  point. 

Ex.  42.  Show  how  to  draw  a  continuous  curve  through  a  succession  of 
points. 

43.  Describe  a  cycloid  with  a  rolling  circle  1  inch  radius. 

44.  A  circle  has  a  radius  of  2".     Draw  the  involute,  and  the  epicycloid 
formed  by  a  rolling  circle  of  3"  radius. 

45.  Describe  an  internal  epicycloid  with  a  rolling  circle  1  inch  radius 
on  a  base  2  inches  radius. 

46.  Construct  an  ellipse,  the  major  axis  of  which  is  3  inches  and  minor 
axis  2  inches. 

47.  Describe  an  ellipse  having  a  major  axis  2  inch  and  eccentricity  f. 

48.  A  parallelogram  has  sides  4"  and  3",  and  the  angle  included  60°. 
Inscribe  an  ellipse  in  it. 

49.  An  ellipse  has  for  axes  lines  3"-5  and  2"-5  long.     Draw  tangents  to 
it  from  a  point  which  is  situated  at  3"'25  from  one/ocws,  2''  from  the 
other. 

50.  Draw  the  outline  of  a  connecting-rod  formed  by  two  parabolic 
curves,  and  of  the  following  dimensions  : — 

Length  =4  feet. 
Middle  diameter  =5£  inches. 
Each  end  diameter  =3^  inches. 
Scale  =  i. 
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Definitions : — 1.  The  horizontal  and  vertical  planes. 

2.  The  plan  and  elevation  of  a  point. 

3.  The  traces  of  a  line. 

[Note.  Throughout  this  subject,  if  a  capital  letter,  as  P,  be 
used  to  indicate  a  point,  then  the  small  letter  p  will  be  used  to 
indicate  the  plan,  and  the  small  letter  with  a  dash  (p')  will  be 
used  to  indicate  the  elevation.] 

Lines. 

25.  Given  the  traces  of  a  line,  to  find  its  projections. 

26.  Given  the  projections  of  a  line,  to  find  its  traces. 

27.  To  find  whether  two  lines  intersect. 
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Ex.  51.  Explain  what  are  meant  by  the  projections  of  a  point,  the 
traces  of  a  line,  and  the  traces  of  a  plane. 

52.  A  and  C  are  the  traces  of  two  lines  on  the  horizontal  plane,  B  and 
D  on  the  vertical  plane,  Ox  is  the  line  of  intersection  of  these  planes,  a' 
and  c  are  the  elevations  of  A  and  C,  b  and  d  are  the  plans  of  B  and  D, 
0«'=1£",  ^'  =  2",  02?'  =  4",l?c'  =  3",  Orf=l",  Dd=4",0c'=3",  CV  =  lf". 
Ascertain  if  these  lines  intersect. 


28.  To  find  the  distance  between  two  points. 

29.  To  find  a  point  in  a  line  at  a  given  distance  from  another 
point. 

Ex.  53.  ^4  and  B  are  the  horizontal  and  vertical  traces  of  a  straight 
line  ;  a'  and  b  are  the  projections  of  the  traces ;  Aa'=2' ',  «'6  =  2|,  Bb=3" : 
determine — 

(1)  The  projections  of  the  line  AB. 

(2)  The  projections  of  a  point  on  AB  2"  from  A. 

54.  AB,  CD,  and  EF  are  three  straight  lines ;  A,  C,  E,  the  vertical 
traces  of  these  lines,  lie  in  a  straight  line  OACE,  and  D,  F,  B,  the  hori- 
zontal traces,  lie  in  the  straight  line  ODFB  ;  OX  is  the  base-lino,  and 
the  angle  XOA=46°  and  XOB  =  60°;  OA  =  l  inch,  OB =2  inches, 
O<?=3  inches,  OZ>=li  inch,  OF=2±  inches  ,O7?=3i  inches.  Draw  thu 
projections  of  the  lines,  and  find  the  actual  distance  between  the  points  in 
which  CD  and  EF  intersect  AB. 


Planes. 

Definitions : — 1.  The  traces  of  a  plane. 
2.  Parallel  lines. 

30.  To  draw  the  traces  of  a  plane  containing  a  line. 

31.  To  draw  a  line  in  a  plane. 

32.  To  draw  a  plane  through  a  point. 

33.  To  find  the  point  in  which  a  line  meets  a  plane. 

34.  To  find  the  line  of  intersection  of  two  planes. 

35.  To  find  the  point  of  intersection  of  three  planes. 
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36.  To  find  the  traces  of  a  plane  passing  through  three 
points. 

Ex.  55.  Find  the  traces  of  a  plane  passing  through  three  points  A,  B, 
C,  whose  projections  are  given  by  ol=l",  la  =  2",  Za'  =  l",  ow=2",m&=l£", 
mb'=I±",  o»=3",  wc=2£",  n<?  =  %",  where  aa',  bb',  cc'  cut  the  base-line  ox 
in  I,  m,  n  respectively. 

56.  Show  how  to  find  the  traces  of  a  plane  which  passes  through 
a  given  straight  line  and  a  given  point. 

57.  Show  how  to  find  the  point  of  intersection  of  three  planes  given  by 
their  traces. 


The  Figured  Plan. 

37.  To  find  the  trace  of  a  plane  from  the  figured  plans  of 
three  points. 

38.  To  find  the  line  of  greatest  slope  of  a  plane. 

39.  To  find  the  slope  of  the  plane. 

Ex.  58.  A.  B,  Care  the  plans  of  three  points ;  the  figure  at  A  is  10,  at 
B  14,  and  at  C 18.  AB=2",  AC=2±",  BC=3".  Find  the  trace  of  the 
plane  and  scale  of  slope,  so  that  it  may  pass  through  ABC. 

69.  Three  points,  A,  B,  C,  are  1,  2£,  and  3  inches  respectively  above 
the  horizontal  plane  of  projection ;  and  the  lines  joining  their  projections 
on  that  plane  form  an  equilateral  triangle  of  2  inches  side. 

(1)  Find  the  horizontal  traces  of  AB,  AC,  and  BC. 

(2)  Find  the  inclinations  of  AB,  AC,  and  BC. 

(3)  Find  the  horizontal  trace  and  the  inclination  of  the  plane  con- 

taining the  three  points. 

(4)  Find  the  angle  between  AB  and  AC. 

60.  Find  the  projection  of  the  centre  of  the  circle  inscribed  in  the  tri- 
angle ABC. 

The  Angles  between  Lines  and  Planes. 

Definition : — (1)  the  angles  between  two  lines, 

(2)  between  a  line  and  a  plane, 

(3)  between  two  planes. 

40.  To  find  the  angle  between  two  given  lines. 

41.  To  find  a  line  perpendicular  to  a  plane. 
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42.  To  find  the  angle  between  a  line  and  a  plane. 

43.  To  find  the  angle  between  two  given  planes. 

Ex.  61.  Show  how  to  find  the  angle  contained  by  two  intersecting 
lines  given  by  their  projections. 

62.  L,M,N  are  the  traces  of  a  plane;  OM=2",  OMN=  30°,  OML=60° ; 
««',  bb'  are  the  plans  and  elevations  of  A  and  B,  and  the  lines  aa'  and  bb' 
meet  ox  in  m  and  n;  om=l",  on=8",  «m=J",  a'm  =  ±",  bn=2",  b'n'  =  l±". 
Find  the  plan  and  elevation  of  the  point  in  which  the  line  AH  meets  the 
plane  LMN. 

63.  Also  find  the  angles  which  the  line  AE  makes  with  the  horizontal 
and  vertical  planes  and  the  plane  LMN.     Find  the  length  of  the  line  AB. 

64.  Draw  the  projections  of  two  intersecting  lines  not  parallel  to  either 
plane  of  projection ;  and  find  the  angle  between  them. 

65.  The  horizontal  and  vertical  traces  of  a  plane  make  angles  of  30°  and 
45°  respectively  with  the  ground-line.    Determine  the  inclination  of  the 
plane  to  each  plane  of  projection. 

66.  LM  and  MN are  the  horizontal  and  vertical  traces  of  a  plane ;  p  and 
p'  are  the  projections  of  a  point  P;  O  is  the  point  in  which  the  line 
joining  p  and  p'  meets  the  base-line  OX;  the  angle  L MX=  60°  and 
XMN=3Q° ;  OM=l  inch,  Op  =  2  inches,  Op' =2  inches.    Find  the  pro- 
jections of  a  line  through  P  perpendicular  to  the  plane  LMN,  and  find 
the  projections  of  the  point  in  which  this  line  meets  the  plane. 

67.  If  A  is  the  horizontal  and  B  the  vertical  trace  of  a  line,  and  a'  is 
the  elevation  of  A  and  b  the  plan  of  B,  and  a'b=2"}  a'A=l",  6J9=1^", 
find  the  length  of  AB  and  the  angles  which  it  makes  with  the  horizontal 
and  vertical  planes  respectively. 

68.  Draw  the  traces  of  a  plane  perpendicular  to  AB  (67)  and  passing 
through  A  ;  and  also  a  plane  parallel  to  this  and  1"  distant  from  it. 

69.  A  line  is  inclined  at  40°  to  the  horizontal  plane ;  its  projection  on 
that  plane  makes  an  angle  of  50°  with  the  ground-line,  and  its  horizontal 
trace  is  2"  from  the  ground-line.     Find  its  projections,  and  the  projection 
of  a  point  P  on  it  2"  from  the  vertical  trace. 

70.  The  line  in  the  preceding  problem  is  the  common  section  of  two 
planes,  the  vertical  traces  of  which  make  angles  of  45°  and  90°  respec- 
tively with  the  ground-line.    Find  both  traces  of  each  plane  and  the 
angle  contained  by  the  planes. 


Planes  having  given  Inclinations. 

44.  To  draw  a  plane  through  a  given  line   having  any 
required  inclination  to  either  the  horizontal  or  vertical  plane. 

45.  To  draw  a  plane  through  a  point  inclined  at  given  angles 
to  both  the  horizontal  and  vertical  planes. 
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Ex.  71.  Find  the  traces  of  a  plane  which  makes  an  angle  of  60°  with 
the  horizontal  plane  and  one  of  45°  with  the  vertical  plane.  Also  find 
the  traces  of  another  plane  perpendicular  to  this,  and  making  an  angle 
of  45°  with  the  horizontal  plane. 

72.  Two  ridges  in  the  roof  of  a  house  cross  each  other  at  an  angle 
of  90° ;  the  slope  of  the  roof  is  2  to  1,  and  the  roof  20  feet  wide.  Find 
the  slope  of  the  gutter,  and  its  length. 


Skew  Projection. 

46.  To  find  the  projections  of  the  edges  of  a  cube,  when  given 
the  directions  of  either  their  plans  or  elevations. 

47.  To  find  the  projection  of  any  point  whose  distances  from 
the  three  edges  of  the  cube  (22)  are  given. 

Ex.  73.  Draw  a  cube,  the  edges  of  which  are  2",  in  the  following 
positions : — 

(1)  Standing  on  the  horizontal  plane  on  one  of  its  sides.      The 

vertical  plane  to  be  parallel  to  a  side  of  the  cube. 

(2)  With  one  of  its  sides  making  an  angle  of  30°  with  the  horizontal 

plane,  and  one  at  right  angles  to  this  making  an  angle  30° 
with  the  vertical  plane. 

74.  a'b',  a'c',  a'd'  are  the  elevations  of  the  three  edges  of  a  cube  having 
sides  of  1  inch;  a'c'  is  vertical;  cW=60° ;  c'a'd'=75°.    Complete  the 
elevation. 

75.  Draw  the  plan  and  elevation  of  a  pentagonal  pyramid  in  the  fol- 
lowing positions  : — (1)  its  axis  making  an  angle  of  45°  with  the  planes 
of  projection ;  (2)  lying  on  one  of  its  faces — the  greatest  diameter  in  the 
base  being  equal  to  four  fifths  its  height. 

76.  The  axis  of  a  cone  is  perpendicular  to   a  plane  the  horizontal 
trace  of  which  makes  an  angle  of  60°  with  the  base-line  and  the  ver- 
tical trace  an  angle  of  30°  with  the  base-line,  the  altitude  of  the  cone  being 
3  inches  and  the  diameter  of  its  base  2  inches.    Draw  its  projections. 


Isometrical  Projection. 

48.  To  project  a  cube  so  that  its  three  edges  may  be  all 
equal. 

Ex.  77.  Construct  an  isometrical  scale;  and  put  a  cube  of  1-inch 
sides  into  isometrical  projection. 

78.  Draw  an  isometrical  projection  of  a  rectangular  block  of  stone, 
2  feet  long,  1  foot  broad,  and  4  inches  thick,  having  a  cylindrical  hole 
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79.  A  prism  6"  long  has  a  regular  octagon  of  1^-iuch  side  for  its  base. 
Make  the  following  drawings  of  it : — 

(1)  Plan  and  elevation  when  the  axis  is  inclined  at  00°  to  the  hori- 

zontal plane,  and  the  plan  of  the  axis  makes  40°  with  the 
ground-line. 

(2)  An  isometric  projection. 


Intersections  of  Surfaces,  and  Shadows. 
Definition  of  the  shadow  of  a  point. 

49.  To  find  the  shadow  of  a  point  on  the  planes  of  projection. 

50.  To  find  the  projections  of  the  shadow  of  a  point  on  any 
other  surface. 

Ex.  80.  A  cone  has  a  base  3"  in  diameter  and  height  3",  and  is  cut 
by  a  plane  which  makes  an  angle  of  GO0  with  the  axis,  and  cuts  the 
axis  1|  inch  from  the  base.  Draw  a  plan  and  elevation  of  the  cone 
and  section,  the  base  being  horizontal  and  the  section  perpendicular  to 
the  vertical  plane  j  also  draw  the  curve  resulting  from  the  section. 

81.  Draw  the  plan  and  elevation  of  the  following  penetrations : — A 
cylinder  whose  diameter  is  3,  through  a  cylinder  whose  diameter  is  4  j 
the  axes  of  the  cylinders  to  intersect  at  60°.     An  hexagonal  prism  whose 
greatest  diameter  is  4,  through  a  sphere  whose  diameter  is  5. 

82.  A  circular  cylinder,  1"  in  diameter,  passes  through  an  octagonal 
prism  the  shortest  diameter  of  which  is  l£" ;  the  axis  of  the  cylinder 
passes  through  two  of  the  edges  of  the  prism,  and  cuts  the  axis  at  30°. 
Find  the  projections  of  the  line  of  penetration. 

83.  The  axes  of  a  cone  and  cylinder  are  parallel  to  the  vertical  plane 
of  projection,  and  intersect  each  other  at  right  angles,  that  of  the  cone 
being  vertical.     Find  the  vertical  projections  of  the  curves  of  inter- 
section. 

84.  Find  the  shadow  cast  on  the  horizontal  plane  of  projection  by  a 
cube  of  2  inches  side,  when  it  is  placed  so  that  one  diagonal  is  vertical 
and  the  lowest  point  2  inches  above  the  horizontal  plane.    The  direc- 
tion of  the  light  may  be  assumed  at  pleasure. 

85.  The  shortest  diameter  of  the  base  of  an  hexagonal  pyramid  is  3 
inches  and  its  height  6  inches.     It  is  placed  with  its  base  on  the  hori- 
zontal plane   of  projection,  and  its  axis  is  3  inches  distant  from  the 
vertical  plane.     Find  the  shadow  cast  by  it  on  the  two  planes  of  pro- 
jection. 

The  rays  of  light  are  supposed  to  proceed  in  parallel  lines  and  in 
such  a  direction  that  each  projection  of  any  ray  makes  an  angle  of  45° 
with  the  ground-line. 

86.  Draw  a  bolt  with  an  octagonal  head — length  of  bolt  3",  diameter 
of  bolt  1£" ;  least  diameter  of  head  2",  depth  of  head  1£". 
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Find  the  shadow  of  the  bolt  and  head  on  itself  and  on  the  horizontal 
plane.  The  bolt  to  be  vertical,  and  the  projections  of  light  in  the 
horizontal  and  vertical  planes  to  make  angles  of  30°  and  606  with  the 
base-line  respectively. 

87.  Put  this  bolt  and  head  and  shadow  on  itself  into  isometric  pro- 
jection. 


Perspective,  or  Radial  Projection. 
Definition  of  radial  projection. 

51.  To  find  the  radial  projection  of  a  point  on  the  vertical 
plane. 

52.  To  find  the  point  in  which  the  radial  projections  of  a 
series  of  parallel  lines  vanish. 

Ex.  88.  Explain  what  is  meant  by  radial  projection. 

89.  State  how  you  would  proceed   to    put  any   plane  figure  into 
radial  projection. 

If  p,  p'  are  the  plan  and  elevation  of  a  point  P,  and  v,  v'  are  the  plan 
and  elevation  of  the  vertex,  show  how  to  find  the  position  of  P  in  the 
perspective  figure, 

90.  Find  the  perspective  or  radial  projection  of  a  point  A  on  a  plane 
LMN,  when  the  horizontal  trace  LM  makes  an  angle  of  46°  with  the 
base-line  ox  and  aa!  cuts  ox  in  m,  am =2",  a'm  =  l",  Mm =3  ;  and  ee'  cuts 
ox  in  n,  Mn=l,  en=3,  e'n=2 :  ee'  are  the  plane  and  elevation  of  the 
eye. 

Shading. 

53.  To  indicate  the  nature  of  a  surface — whether  it  be  self- 
luminous,  polished,  or  dull. 

54.  To  indicate  the  shape  of  the  surface. 


Developments. 
Definitions  of  developable  surfaces  and  a  skew  surface. 

55,  To  develop  a  cone  ;  and  the  application  to  the  teeth  of 
bevel  wheels. 
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56.  To  develop  a  cylinder ;  and  the  application  to  the  skew 
bridge. 

Ex.  91.  Find  the  development  of  a  section  of  a  cone  having1  a  vertical 
angle  of  GO0,  the  section  to  be  inclined  at  45°  to  the  axis,  and  to  cut  it  2" 
from  the  vertex. 

92.  Suppose  a  cone  having  a  vertical  angle  of  60°  to  he  developed,  and 
a  straight  line  drawn  on  the  development  inclined  at  45°  to  a  radius. 
Find  the  plan  and  elevation  of  this  line  when  the  cone  is  undeveloped. 

93.  On  a  slip  of  paper,  4  inches  broad,  a  line  is  drawn  inclined  at  30° 
to  the  edge.      Find  the  plan  of  this  line  when  the  paper  is  wrapped 
round  a  cylinder  of  4  inches  circumference. 

94.  Find  the  development  of  a  section  of  a  cylinder  of  2  inches  diameter 
inclined  at  30°  to  the  axis. 
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